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Introduction to Reference

History of Commodity Based Survey

The CAPS community is made up of a large and varied group of individuals from
federal, state, and university organizations who utilize federal (and other) funding
sources to survey for, and (in some cases) diagnose exotic and invasive plant
pests. By finding pests early, eradication efforts will likely be less expensive and
more efficient. For more information on CAPS, access to the Program Guidebook
may be found at the following URL.

http://www.aphis.usda.qgov/ppa/ep/pestdetection/ CAPSGuidebookComplete.PDF

Traditionally, states have been given a list of pests. Each year states choose
(from this list) a number of pests to incorporate in their own specialized surveys.
There is certainly value surveying for plant health threats in terms of discreet
pests. However, this may not always be the most efficient means of survey. For
example, a single pest may occur on a myriad of different hosts, making a
comprehensive survey too time consuming and expensive. An alternative
method has been suggested. Grouping important pests under the umbrella of a
single commodity could be a more efficient way to look for certain pests. The
rationale for choosing a commaodity survey in certain instances includes the
following:

Survey area will be smaller and targeted.
Resources can be better utilized with fewer trips to the field

Commodities are easy to prioritize in terms of economic and regional
(geographic) importance.

The Center for Plant Health Science and Technology (CPHST) has been
charged to develop a commodity-based survey strategy in support of the CAPS
program. There are two types of end products being developed for each
commodity. Each product serves a valuable yet very different purpose. The
result is a set of paired documents developed for each commodity. A
description of these documents is included below:

Commodity Based Survey Reference (CSR): This document is
comprised of a series of pest data sheets, mini-PRAs, or early detection
PRAs. The data sheets are highly graphic and illustrate the biology,
survey, and identification of particular pests in appropriate detail for CAPS
surveyors. The pests in this document are numerous. The pests were
chosen from a number of sources, including the CAPS National Pest list,
Regional pest lists, the Global Pest and Disease Database, and the CABI
Compendium. States are not required to survey for all of the pests in this
document, but may choose those that are particularly relevant to include in
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their survey. In general, this document should serve as a desk reference
for survey specialists as they plan their cooperative agreements. It may
also be useful to obtain high quality scientific information quickly within the
field season.

Commodity Based Survey Guidelines (CSG): This document is
smaller. The list of pests is shorter than those chosen for the CSR. A
subcommittee of the CAPS National Committee determines which pests
from the CSR will be included in the CSG; As such, states that participate
in these surveys must survey for all organisms listed in the CSG. The
CSG sets forth guidelines for survey and identification from a broad scale
(site selection, number of acres to survey, number of samples to take,
etc.) and a narrow scale (field methods, survey tools, transporting
samples, etc.). States are encouraged to follow the procedure set forth in
the CSG. The methods are intended to increase homogeneity of the
national data set, and increase the statistical confidence in negative data
(e.g. demonstration of “free from” status).

As a pilot project, Citrus was undertaken as the first commodity in this initiative.
The products were developed for implementation in the 2007 survey. Citrus was
chosen because it is an economically important commodity that is equally
distributed in both regions. Moreover, it is also grown on relatively low acreage
in few overall states. To date, survey strategies for pests of citrus are also well
documented. Since then, several other commodities have been undertaken,
including soybeans, cotton, small grains, and eastern forests.

Soybean Commodity Survey Reference

The Soybean Commodity Survey Reference (CSR) is a companion document to
the Soybean Commodity Survey Guidelines (CSG). Both documents are
intended to be tools to help survey professionals develop surveys for exotic
soybean pests. The Soybean CSR is a collection of detailed datasheets on
pests of soybean, including exotics and endemics. Additionally, the authors have
tried to identify pests which may be easily confused with or potential vectors of
exotic pests. These datasheets contain detailed information on the biology, host
range, survey strategy, and identification of these pests.

In contrast, the Soybean Commaodity Survey Guideline companion document is
intended to help states focus resources on survey efforts and identification of a
smaller group of target pests (usually less than a dozen). The guidelines contain
little information about biology. Moreover, they focus on survey design, sampling
strategies, and methods of identification. There is no silver bullet survey that
would be wholly applicable to each location in the United States. Environment,
personnel, budgets, and resources vary from state to state. Thus, the guidelines
will provide a template that states can use to increase the uniformity and usability
of data across political, geographic, and climatic regions, while maintaining
flexibility for appropriateness within individual regions.

Purposes
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To relate scientific information on a cadre of threatening pests.

To collect pest data at a sub-regional, regional, and national level versus data
collected from a single location.

To help develop yearly surveys.

To help CAPS cooperators increase their familiarity with exotic pests and
commonly confused pests that are currently found in a given commaodity.

To help with identification and screening of pests sampled from the field.

To collate a large amount of applicable information in a single location.

End Users

As previously noted, this document may be used for many purposes. Likewise, it
will be of value to numerous end users. As the document was developed, the
authors specifically targeted members of the CAPS community who are actively
involved in the development and implementation of CAPS surveys.

State Plant Health Director (SPHD): The SPHD is the responsible PPQ
official who administers PPQ regulatory and pest detection activities in
his or her State. The SPHD is also responsible for ensuring that the
expanded role of CAPS is met in his or her State. In many States, the
SPHD needs to provide guidance for the State’s ongoing management
of pest risk and pest detection. However, SPHD responsibilities will
vary according to each State’s ability to carry out the various
components of the CAPS Program.

State Plant Regulatory Official (SPRO): These individuals are
employees of their respective states and generally manage the
expanded survey program. The SPRO is the responsible State official
who administers State agricultural regulatory programs and activities
within his or her respective State.

Pest Survey Specialists (PSS): The PSS, a PPQ employee, is
supervised by the SPHD of the State in which he or she is assigned. A
PSS may also be responsible for survey activities and work with the
SSC and the Survey Committee in more than one State.

State Survey Coordinators (SSC): The SSC is a State employee
responsible for coordinating each State’s CAPS Program, participating
as a member of the SCC, and acting as liaison with the State PPQ
office. Each core CAPS Program will develop a network with other
agencies, nongovernmental organizations, and members of SCC'’s.
This networking will ensure the coordinated use of existing State and
national resources, such as dollars and in kind contributions, in the
evaluation of risks of specific exotic plant pests and weeds. State
survey priorities will be set accordingly.
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Diagnosticians: Diagnostic capabilities vary by state. Some states have

advanced networks of diagnosticians, whereas other states access
diagnostic support through National Identification Services (NIS) or
through contracts with external partners. States are encouraged to
utilize qualified diagnosticians in their respective states if expertise is
available. PPQ offers diagnostic support for the CAPS program
through NIS. A major responsibility for NIS’s Domestic Identifiers is to
provide diagnostic support to CAPS programs. There are plant
pathology and entomology domestic identifiers in each of the regions.
A Forest Entomology Domestic Identifier oversees both regions. To
learn more about diagnostic resources available to you, discuss your
diagnostic requirements and options with your State Plant Health
Director, one of the regional Domestic Identifiers, and/or NIS. Appendix
A has a listing of NIS and Domestic Identifier contact information.

Organisms Included in the Soybean Survey Reference

Organisms are organized first by pest type, e.g. arthropods, diseases, weeds,
nematodes, and mollusks. Next, organisms are divided by their broad taxonomic
classification. For example, the pest type “arthropods” contains groups of flies,
moths, aphids, etc. Next, organisms are arranged alphabetically by their scientific
names. Common names are included as well.

As previously mentioned, organisms were chosen for the reference from a variety
of sources, including the CAPS National List, the Eastern & Western Region Pest
Lists, the Global Pest and Disease Database, CABI Crop Compendium, and
others. Pests may be exotic, regionally established or endemic. Some pests
were chosen because they can be confused with target pests. Still, others were
chosen because they vector a pest of concern. There is no obligation to survey
for all pests listed in this reference. Moreover, the reference is intended to
empower states to choose which pests might be appropriate targets within their

borders.

To help provide a rationale for the inclusion of each pest in the reference, the
authors have included a symbol in the table of contents and upper right hand of
pest introduction pages. These symbols indicate that the pest is a CAPS Target,
an Eastern Regional Threat, a Western Regional Threat, an Emerging Pest, an
Endemic Pest, a Commonly Confused Pest, a Vector, or a National Threat. An
explanation of each of these symbols follows.

CAPS
TARGET

CAPS Targets are listed on the CAPS National Pest List. These are organisms that
have been through a rigorous prioritization process, and have been determined
to pose a significant threat to the United States.
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Eastern Regional Threats are listed on the ER Pest List. Some of these organisms
may be regionally established in the United States. However, the ER has
determined that they pose a particular risk for new establishments or further
spread.

Western Regional Threats are listed on the WR Pest List. Some of these organisms
may be regionally established in the United States. However, the WR has
determined that they pose a particular risk for new establishments or further
spread.

Emerging Pests are listed on the Emerging Pest List, but not on the ER or WR Pest
List. These organisms are regionally established and may have the potential to
become larger problems as they spread.

Endemic Pests are widely established in the United States. These pests are
included in the reference to help surveyors develop a familiarity for what they
are “likely” to encounter when they are conducting field surveys.

Commonly Confused Pests are endemic pests that may resemble the pest of
concern (as with arthropods), or may induce symptoms that resemble
symptoms caused by pests of concern (as with pathogens).

Vectors may be exotic of endemic organisms. Vectors have an association with
a pest of concern and often serve as an avenue for dissemination for such
organisms.

National Threats are pests that have been cited (in the GPDD, CABI Crop
Protection Compendium, Homeland Security, and Select Agent lists) as not
known to be present in the United States. National Threats are not associated
with CAPS Targets, and are not present on the CAPS National List.
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Soybean Background

Soybean is a member of the family Leguminoseae, subfamily Papilionaceae. It is
an annual, erect bushy plant. The flowers are borne on short axillary or terminal
racemes. The flowers are normally self-pollinated and completely self-fertile.
Soybean is mainly grown in areas where the summer is hot and humid; however,
it does withstand extreme summer and winter temperatures. The optimum
temperature for growing soybean is 25 to 30 °C. Well-drained sandy or clay
loams and alluviums with good fertility are generally suitable for the cultivation of
the crop.

For many years, soybean acreage increased very slowly. There were only 1.8
million acres in the United States in 1924 when the first official estimates became
available. At that time, most of the crop was used for hay. Following World War
Il, soybean production moved from the southern U.S. into the Corn Belt. The
major soybean producing states of lowa, lllinois, Minnesota, Indiana, Ohio,
Missouri, and Nebraska produced 67 percent of the U.S. total in 2003; the
southern and southeastern states of Arkansas, Mississippi, North Carolina,
Kentucky, Tennessee, Louisiana, Alabama, and Georgia produced 14 percent.
Other states with significant soybean acreage are South Dakota, Kansas,
Michigan, Wisconsin, and North Dakota. The USDA estimates the 2005 U.S.
soybean acreage at 73.0 million acres.

Soybean Acreage by County
2002 NASS data
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Soybean Background

Vegetative Stages. Vegetative stages are determined by counting the number of
nodes on the main stem, beginning with the unifoliolate node, which have or
have had a completely unrolled leaf (Fehr et al., 1971). The unifoliate node is the
first node on a plant where true leaves develop. A leaf is considered completely
unrolled when the leaf at the node immediately above it has unrolled sufficiently
so the two edges of each leaflet are no longer touching. At the terminal node on
the main stem, the leaf is considered completely unrolled when the leaflets are
flat and similar to appearance to older leaves on the plant. Description of
vegetative stages is given in Table 1.

Table 1. Vegetative stages and developmental descriptions of soybean.

Stage no. Description
V1 Completely unrolled leaf
at the unifoliolate node.
V2 Completely unrolled leaf

at the first node above

the unifoliolate node.

V3 Three nodes on the main

steam beginning with the
unifoliolate node.

V (N) N nodes on the main

stem beginning with the
unifoliolate node.

Reproductive Stages. Reproductive stages are determined by examining the
flowers and pods at the upper portion of the main stem, which is suitable for
genotypes in all environments (Fehr et al., 1971). Description of reproductive
stages is given in Table 2.

12
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Table 2. Reproductive stages and developmental descriptions of soybean.

Stage no. Description
R1 One flower at any node.
R2 Flower at node

immediately below the
uppermost node with a
completely unrolled leaf.
R3 Pod 0.5 cm (1/4 inch)
long at one of the four
uppermost nodes with a
completely unrolled leaf.
R4 Pod 2 cm (3/4 inch) long
at one of the four
uppermost nodes with a
completely unrolled leaf.
R5 Beans beginning to
develop (can be felt when
the pod is squeezed) at
one of the four
uppermost nodes with a
completely unrolled leaf.
R6 Pod containing full size
green beans at one of the
four uppermost nodes
with a completely
unrolled leaf.
R7 Pods yellowing; 50% of
leaves yellow.
Physiological maturity.
R8 95% of pods brown.
Harvest maturity.

References:

Fehr, W.R., Caviness, C.E., Burmond, D.T., and Pennington, J.S. 1971. Stage
development descriptions for soybeans, Glycine max (L.) Merrill. Crop Science
11:929-931.

Gibson, L. and Benson, G. 2005. Origin, History, and Uses of Soybean (Glycine
max). lowa State University.
http://www.agron.iastate.edu/courses/agron212/Readings/Soy_history.htm
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Soybean Pests

Arthropod Pests
Aphids

Aphis glycines

Scientific Name
Aphis glycines Matsumura

Synonyms:
Aphis justiceae

Common Name(s)
Soybean aphid

Type of Pest
Aphid

Taxonomic Position
Class: Insecta, Order: Hemiptera, Family: Aphididae

Reason for Inclusion in Manual

EMERGING
PEST

Pest Description

Aphis glycines is a small yellow aphid with black siphunculi (cornicles) (Blackman
and Eastop, 1984) (Fig. 1). Takahashi et al. (1993) presented biometric data,
including body sizes: 1.89 mm for virginoparous aptera, 1.75 mm for
virginoparous alata, 2.02 mm for gynopara, 1.5 mm for ovipara, 1.68 mm for
alate males, and 1.87 mm for both fundatrix and apterous fundatrigenia.

Biology and Ecology:

A. glycines may have 15 to 18 generations a year, but must have access to
buckthorn (Rhamnus spp.) to produce eggs for overwintering. In the spring, two

14
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wingless generations develop on buckthorn before the first winged migrants are
produced that re-infest soybean (CABI, 2004).

Pest Importance

A. glycines is distributed
throughout the Far East,
principally in China, Japan,
Indonesia, Thailand,
Korea, far eastern Russia, |
North Borneo, peninsular
Malaysia and the
Philippines (Blackman and
Eastop, 2000). It is a major
pest of soybean in China,
causing particularly severe 3
economic losses in the f ‘7
regions of Jilin, Liaoning,

Heilongjiang and

Neimenggu (Wang et al., Figure 1. (Left) Wingless adult female. (Right) Winged adult
1962). Aphis glycines is female. Aphis glycines, is a small pale yellow aphid with
capable of affecting both black cornicles (siphunculi) and pale cauda. Its size and color
growth and seed distinguish it from other aphids on soybean. Photo courtesy

production in soybeans. of

Economic infestations may 1681Hhttp://www.ceris.purdue.edu/napis/pests/saphid/aglycin
occur from mid vegetative htm

stages through pod fill. In

China, Wang et al. (1996) found a 27.8% reduction in seed yields and a 20.2 cm
decrease in plant height in infested plants compared with controls.

It has recently been introduced into Australia, Canada and the U.S. (Fletcher and
Desborough, 2000; Michelutti et al., 2002; Edwards et al., 2001). It has quickly
become a soybean pest in North America, where aphids had previously not
attacked soybeans (DiFonzo and Hines, 2001). A. glycines causes economic
damage due to direct feeding and indirect damage due to the spread of viruses,
in particular soybean mosaic virus (SMV).

A. glycines is a vector of a range of plant viral diseases, including soybean
mosaic, soybean stunt (cucumber mosaic virus), abaca mosaic, beet mosaic,
millet red leaf, mungbean mosaic, bean yellow mosaic and Indonesian soybean
dwarf (Blackman and Eastop, 2000).

Symptoms/Signs

Infestation peaks of A. glycines during the bloom stage may cause stunted
soybean plants, reduced pod and seed counts, and distorted leaves. Distorted,
curled, yellowed, and wilted leaves can also be found on heavily infested plants
later in the season. Honeydew and sooty mold on all plant stages are indicative

15
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of A. glycines infestations. Aphis glycines populations can build at any time from
early vegetative stages through bloom (Fig. 2). Initially, colonies establish on new
leaves in the outer canopy, later penetrating deeper into the canopy and moving
to the undersides of leaves as plants mature (CABI, 2004).

Direct damage by A. glycines is mainly due to feeding on young growing stems
and leaves. Nutrients and water are taken directly from the plant's vascular
system, through the aphid's stylet. Large infestations of aphids cause leaf
distortion and loss of plant vigor, stunted plant growth, reduced pod and seed
production, and subsequent yield losses (CABI, 2004).

Soybean infected with soybean mosaic
virus has leaves with vein-clearing and
chlorotic symptoms. Plants become
stunted with shortened petioles and
internode lengths, and defoliation may
lead to plant death (Quimio and Calilung,
1993).

Known Hosts

The winter hosts of A. glycines are
Rhamnus spp. (family Rhamnaceae),
usually Rhamnus davurica in Asia. Several
native and introduced species of Rhamnus
(buckthorn) are common in North America,
where A. glycines has recently been
introduced, although only the exotic
species R. davurica and R. cathartica
have been confirmed as winter hosts
(Voegtlin, 2002).

The summer host range is restricted to pedl
certain Fabaceae. In addition to cultivated Figure 2. Large population of soybean

soybean, it has been found on wild aphid on soybean. Photo courtesy of
Glycine spp. (Wang et al., 1962) and has Marlin Rice, lowa State University.

also been recorded from Pueraria 1680Hhttp://www.ent.iastate.edu/imagegal/
phaseoloides, Desmodium intortum and a homoptera/aphid/soybeanaphid/soybean
limited range of other wild hosts aphids_boone.html

(Blackman and Eastop, 1984). It is the
only aphid known to colonize soybeans.

Major hosts:
Glycine max (soybean)

Minor hosts:
Pueraria phaseoloides (tropical kudzu) and Rhamnus davurica (buckthorn).

16
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Wild hosts:
Glycine spp.

Known Distribution

A. glycines is native to China and is widely distributed in soybean-growing
regions of the Far East. It is common on soybean in China (Wang et al., 1962)
and occurs in soybean fields in the Philippines (Quimio and Calilung, 1993),
Japan (Takahashi et al., 1993), Indonesia (lwaki, 1979), Thailand (Napompeth,
1978), North and South Korea, Malaysia and North Borneo (Blackman and
Eastop, 1984). A. glycines has recently been found in Australia but only on
soybeans (Fletcher and Desborough, 2000).

Potential Distribution Within the US

A. glycines was first observed in the U.S. in July 2000, in Wisconsin. It may have
been present previously, but the conditions in 2000 were particularly favorable for
aphids (University of Wisconsin, 2000). By 2002, it had infested soybeans in
many states in the Midwest and North Central regions of the U.S., and also in
Ontario, Canada (Edwards et al., 2001; Anon., 2002; Michelutti et al., 2002). It
was found overwintering on Rhamnus cathartica in lowa in the spring of 2002
(Anon., 2002).

Survey

To survey for soybean aphid, look
for colonies of A. glycines in stem
apices and young leaves of the
growing soybean plants (Fig. 2,
3). On mature plants, colonies are
also found on the underside of
larger leaves.

A. glycines can migrate from
buckthorn to soybeans at different
times in different regions
depending upon environmental
cues. Soybean fields should be
monitored regularly as plants

develop from the seedling stage Figure 3 S beana hid oIon on o bean
(V2) through bloom (R1 to R2), pr?oto Co'urteﬁy of P Y ybean

because plants remain suitable 1679Hhttp://www.ceris.purdue.edu/napis/pests/s
for A. glycines throughout this aphid/aglycin.html

period. In addition, A. glycines

distribution across plant parts

changes with plant development. Although leaves are most convenient to

sample, the only reliable sampling unit is the entire plant.

17
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Key Diagnhostics

Takahashi et al. (1993) described the characteristic features of A. glycines, which
could be used to separate it from other species (e.g. the number of secondary
rhinaria, the number of caudal setae, the length of siphunculi, and the length of
the last rostral segment). On legumes, A. gossypii has a shorter, darker cauda
than A. glycines. A. craccivora has a black patch on the back of wingless adults,
that is absent in A. glycines. Adult A. woglumi have metallic grey wings with light
markings, red abdomens, white-yellow legs and antennae (CABI, 2004).

When it was first observed in the U.S., introduced A. glycines had to be
distinguished from the morphologically similar A. gossypii using a high-powered
microscope. Now that A. glycines is established, it can be assumed that aphid
colonies on soybeans in North America are A. glycines, as no other species is
known to develop colonies on soybeans in the U.S. (Voegtlin, 2002).
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Aulacorthum solani

Scientific Name
Aulacorthum solani Kaltenbach (Asian strain)

Synonyms:
Acyrthosiphon solani, Aphis solani, Aulacorthum methae, Dysaulacorthum

pseudosolani, Dysaulacorthum vincae, Macrosiphum aucubae, Macrosiphum
piceaella, Macrosiphum pseudosolani, Macrosiphum vincae, Myzus aquilegiae,
Myzus chelidonii, Myzus duffieldi, Myzus gei, Myzus glaucii, Myzus hydrocotylae,
Myzus mercurialis, Myzus neogei, Myzus piceaellus, Myzus polyanthi, Myzus
pseudosolani, Myzus solani, Phorodon solani, Rhopalosiphum solani, Siphoniella
solani, Siphonophora solani, Macrosiphum solani, Aulacorthum pseudosolani,
Aphis solani, Aulacorthum circumflexum, Macrosiphum matsumuraesanum,
Myzus lamii

Common Name(s)

Foxglove aphid, greenhouse potato aphid, green potato aphid, dock aphid,
potato aphid

Type of Pest
Aphid

Taxonomic Position
Class: Insecta (Hexapoda), Order: Hemiptera,
Family: Aphididae

Reason for Inclusion in Manual

EMERGING
PEST

Pest Description Figure 1. Apterous
Kaltenbach (1843) first described the foxglove aphid adults, nymphs, and
from potato and named it Aphis solani. Subsequently, ~ Winged adult on petiole
other workers described this polyphagous species of potato. Photo

under numerous names. Hille Ris Lambers (1949) fﬁ;ie;y r?rf] Robert Y.,
compr.ehensively r(_av_iewed the synonymy anq clearly 1677Hh?tp:/(/av?/ww.inra.fr/
established the validity of Aulaco_rthum solani as the Internet/Produits/HYPPZ
correct name of the foxglove aphid. Only two of the /RAVAGEUR/3aulsol.ht

many names proposed for the aphid have been used
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extensively. Theobald (1922) described the insect as Myzus pseudo-solani,
which is now considered to be a synonym.

Nymph: Inner faces of frontal tubercles are
approximately parallel. Cornicles are flanged and more
than twice as long as the cauda.

Apterous: yellow green to orange, with darker patches
at the base of the cornicles (Fig. 1).

Alates: yellow to brown, with dark bands on dorsal
abdomen (Blackman and Eastop, 2000; Chaney and
Lee, 1992).

Adult Female: Apterous viviparous females are pale
yellowish to yellowish-green or green (Fig. 1, 2), shiny;
at the base of each siphunculus with a cluster of dark
green or rusty-colored oily globules showing through the

A

body. Head with prominent, parallel-sided antennal Figure 2. Apterous
tubercles. Antennae distinctly longer than the body; foxglove aphid.
segments Il and IV pale with dark apices; processus Photo courtesy of

terminalis about 5 times as long as the base. Abdomen UC Cooperative

without sclerotization. Siphunculi rather long and Extension, Monterey
slender, cylindrical, with a very distinct flange; pale fgggﬁyﬁfl?ﬁi\iarﬁ
colored, but with a dark tip. Cauda pale yellowish, rather JUP-LCUVIDMB

.ucdavis.edu/insects/
broad; a little more than one third of the length of the foxglove.htm
siphunculi (CABI, 2004).

Alate viviparous female are greenish (Fig. 3), with dark, transverse bars on the
abdomen. Antennae mostly black,
except for segments | and Il and the
basal part of Ill. Wing venation normal,
but the anal vein (sometimes the cubital
vein) much darker than the median vein.
Abdominal sclerotization consisting of
black transverse bars, but highly
variable; from very broad bars to narrow
bars of which the central portion may be
missing. Legs and antennae have dark
joints. Head, siphunculi and cauda are
similar in appearance to apterous
females (CABI, 2004).

b N ik
Figure 3. Alate fox glove aphids.
Photos courtesy of Robert Y, INRA

Biology and Ecology . . Rennes (left) and Cindy Fake, UC

as in most important aphid pest species, County (right)

by the occurrence of numerous races or 1675Hhttp://www.inra.fr/Internet/Produi

subspecies, including some with ts/HYPPZ/RAVAGEUR/3aulsol.htm,
1676Hhttp://ccvipmp.ucdavis.edu/insec
ts/foxglove.html
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particular host-plant associations (Muller, 1970, 1976). Holocyclic A. solani have
either apterous or (more rarely) alate males, and the unusual ability to overwinter
as eggs on many different host plant species, for example, on Myosotis alpina
and on Capsella bursa-pastoris in Europe. Sexual forms are produced on most of
these host plants. Jacob (1944) recorded adults hibernating on foxglove, and
Fisken (1959) observed apterae overwintering on perennial, greenhouse, and
protected horticultural crops. One generation takes about 2 weeks in favorable
weather.

The epidemiology of viruses transmitted by A. solani, particularly potato leaf roll
luteovirus and soybean dwarf virus, have been thoroughly studied in Japan in
relation to its biology and flight activity (Ishitani and Niwata, 1984; Mizukoshi et
al., 1991; Yamashita et al., 1991).

Pest Importance

In most potato growing areas, A. solani is one of the most economically important
pests, causing injury either directly by their feeding punctures or indirectly by
spreading viral diseases. With the use of organic insecticides, direct feeding
damage has become less serious. However, more stringent permitted levels of
virus infection in seed potato certification programs has increased the importance
of aphids as virus vectors, since a very small percentage of infection can lead to
rejection of an entire seed lot (CABI, 2004).

Symptoms/Signs

Although this aphid can infect soybean
in other countries, it is more common
on potato, pepper, and lettuce. Light
infestations of A. solani can severely
injure potato foliage. Its feeding causes
discolored spots on tobacco, and
heavily infested plants can show large
necrotic areas, sometimes resulting in
the senescence of the entire leaf.
Feeding also causes irregular curling
and distortion of young leaflets (Fig. 3). _ e
It is speculated that growth of the Figure 4. Leaf distortion caused by
leaflet is hindered as a result of the foxglove aphid on pepper. Photo
feeding puncture. In potato stores, A. courtesy of L. Pundt, University of

lani ttack potat t Connecticut.
Solani can attack potato sprouts. 1674Hhttp://www.hort.uconn.edu/ipm/gre

enhs/htms/ghsemsg200507.htm

Indirect damage is caused by
honeydew production and virus
transmission. Honeydew, a sticky liquid excreted by the aphid, covers the foliage,
and is often colonized by black saprophytic fungi which hamper plant respiration
and photosynthesis.
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Known Hosts

Major hosts

Allium sativum (garlic), Beta vulgaris var. saccharifera (sugarbeet), Capsicum
annuum (bell pepper), Citrus, Citrus deliciosa (mediterranean mandarin), Citrus
reticulata (mandarin), Citrus sinensis (navel orange), Cucumis sativus
(cucumber), Fragaria ananassa (strawberry), Glycine max (soybean), Hordeum
vulgare (barley), Lactuca sativa (lettuce), Lycopersicon esculentum (tomato),
Phaseolus vulgaris (common bean), Polyphagous (polyphagous), Solanum
melongena (eggplant), Solanum tuberosum (potato), and Vicia faba (broad
bean).

Minor hosts
Betula pubescens (downy birch), Freesia, Lupinus (lupines), Nicotiana tabacum
(tobacco), Tulipa (tulip), and Viola wittrockiana (wild pansy).

Wild hosts

Achillea millefolium (yarrow), Capsella bursa-pastoris (shepherd's purse),
Cichorium intybus (chicory), Convolvulus (morning glory), Digitalis purpurea
(foxglove), Plantago (plantain), Rumex (dock), Silene latifolia subsp. alba (white
campion), Stellaria media (common chickweed), and Tragopogon (goat’s beard).

Known Distribution
The distribution of A. solani is almost worldwide. It is believed to be of European
origin.

Potential Distribution Within the US

The aphid is currently present in the U.S. and is particularly common in Arizona
and California. The Asian strain in the U.S. is known to occur in Hawaii and
Arizona. At this time, it has not been reported as an important pest on soybean.

Survey

Aphids are efficient insect virus vectors. Thus, knowledge of aphid population
dynamics is important for deciding where, when, and how to grow and protect
seed potato crops. The common methods to study aphid populations are: aphids
per plant counts, aphids per leaf counts, yellow water traps, and suction traps
(Raman, 1985).

Aphid plant counts:

Whole plant counts, with or without beating, is a quick and efficient technique to
use early in the growing season when plants are young and aphid populations
are too low to be detected by other methods. The first winged adults arriving at a
field usually establish aphid colonies on plants of the windward border rows.
Begin the counting by randomly selecting plants along these rows. Although the
number of plants to be counted depends on the size of the field, most potato
workers sample 50 plants. The frequency of counting (daily to weekly) depends
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on climatic conditions. Sampling should be more frequent during warm weather.

Aphid leaf counts:

Virus transmission is more closely related to the progress of aphid infestation
from plant to plant, than to the total number of aphids on a particular plant. The
progress of aphid infestation can be observed by the aphid per leaf counting
method. In addition, natural enemies and parasitization of aphids can be
observed. At least once a week, select 50 plants randomly throughout the crop.
Examine three fully expanded leaves from each plant; one each on the top,
middle, and lower parts. Record the number of winged and wingless aphids, as
well as predators, parasites and parasitized aphids. Some winged aphids may fly
away when the plant is disturbed. Nevertheless, counting aphids per leaf is more
precise than aphids per plant, although it is more laborious (CABI, 2004).

Yellow water traps:

This technique has been thoroughly utilized and studied worldwide (Robert and
Rouzé-Jouan, 1978). Migration of aphids into and within a potato crop is mainly
due to the flight of winged adults. This flight can be studied by trapping aphids in
a yellow water trap. Traps of various materials, sizes, and shapes can be used.
The most frequently used traps are rectangular trays, 50 cm x 30 cm and 8 cm
high, with the sides sloping outwards. Traps of the same type and size should be
used in a field or region to facilitate comparison of aphid counts. If the crops are
grown under rainy conditions or irrigated by sprinklers, traps need an overflow
hole. A screen or piece of muslin placed over the hole allows excess water to
drain without losing the aphids. One bottom corner of the tray should have an
outlet tube, closed from the inside with a stopper. Two traps per field are usually
sufficient. The traps should be 5 m apart from each other and situated on
platforms approximately 60 cm above the ground. There should be no plants
touching the platform to prevent aphids from crawling into the traps. Traps are
filled with fresh, clear water 2 cm above the yellow part, with some detergent
added to break surface tension and to prevent aphids from escaping. Traps
should preferably be examined each morning and aphids identified with a hand
lens. Suction traps have also been utilized (Taylor and Palmer, 1972; Robert,
1987; Robert et al., 1987).

Data from aphid population studies may help in forecasting the degree of virus
infection. However, additional variables must be considered including: varietal
susceptibility, date of planting, aphid control measures, crop management
practices, and weather conditions. In general, data from aphid population studies
are useful for selecting the best seed production areas, selecting the best
growing season, scheduling aphicide application, scheduling dates for
harvesting, and calculating action thresholds of vector populations (CABI, 2004).

A. solani is extremely polyphagous, colonizing plants in many different

monocotyledonous and dicotyledonous families, with the exception of the
Poaceae. Bulbs (especially tulips) often have large populations of A. solani, and
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it is a common pest in greenhouses and on potted plants. It is common on
potatoes (Blackman and Eastop, 1984). The primary hosts are hawkweed
(Hieracium spp.) and foxglove (Digitalis purpurea), where this pest remains most
of the year. In the summer, a small portion of the population migrates to
secondary hosts. In most regions, potato is a secondary host to the foxglove
aphid, where it feeds mainly on older leaves and moist areas.

Key Diagnostics

Aphids colonizing potato look similar in appearance, sharing common features
such as an egg-shaped body with short cauda and antennae as long as the
body. The antennal tubercles are usually prominent. A. solani can be recognized
by its pear-shaped body, widest at the base of siphunculi with parallel sides. It
has tapered siphunculi with prominent flanges and dark tips.

Apterous A. solani aphids range in color from light yellow-green to dark green to
orange. Paler forms have a conspicuous green or rust patch at the base of each
cornicle. Alates are yellow-green to brown and may have black bands on the
abdomen. Both forms have prominent antennal tubercles with parallel inner
faces, flanged cornicles, which are dark at the tip, and dark leg and antennae
joints. The alate foxglove aphid is nearly indistinguishable from lettuce aphid in
the field. See the aphid field identification guide at
http://ipmworld.umn.edu/aphidalert/alert2001/Jul13/aphidkey.pdf for additional
information.
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Beetles/\Weevils

Adoretus sinicus

Scientific Name
Adoretus sinicus Burmeister

Synonyms:
Adoretus tenuimaculatusm, Adoretus tenuimaculatus

Common Name(s)
Rose beetle, Chinese rose beetle

Type of Pest
Beetle

Taxonomic Position
Class: Insecta, Order: Coleoptera, Family: Scarabaeidae

Reason for Inclusion in Manual

WESTERN
REGIONAL =
THREAT S

Pest Description

Ovum/Egg: The small, elliptical eggs of this

species are laid in the soil within 1 (2.54 cm) to %

inch (1.27 cm) from the surface. Eggs are about

3/50 inch long by 1/25 inch wide. Appearing |

shining white at oviposition, the eggs gradually Figure 1. A. sinicus larva.

become dull creamy white before hatching in 7 to Photo courtesy of R. Mau

16 days (Habeck, 1963). and J. Kessing,
Department of

Larvae: There are 3 larval stages of this insect that ~ Entomology, Hawaii.

last about a week each. The larval forms of this 1682Hwww.extento.hawai

insect are stout, ‘C-shaped’, white grubs with a .edu/kbase/crop/Type/ad

conspicuous head and short legs (Fig. 1). The oretus. him

larval stage lasts for 3 to 4 weeks. Refer to Habeck

(1963) for a detailed description of the larvae. Grubs do not attack live plant

tissue, but preferably live in loose rich soil, leaf litter, or compost (Williams,

1931).
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Pupae: Pupae are yellowish white when initially formed and gradually become
brown (Fig. 2). The entire surface of the pupae is densely covered with minute
hairs. The pupa is about Y4 to 2z inch long. Development is completed in 1 to 2
weeks.

Adults: The adults are sturdy, pale reddish brown beetles, and about % inch in
length (Fig. 3). The body is covered with fine white hairs that can give the beetle
a grayish appearance.

Biology and Ecology

This beetle is nocturnal in habit and is attracted to lights
at night. During the day they remain under leaves, loose
bark, or are shallowly buried in the soil, and emerge at
dusk to feed (Williams, 1931). Peak feeding and mating

activity occurs about 30 minutes after sunset (Tsutsumi,  Figure 2. A. sinicus
et. al, 1993). Arita et al. (1993) report that this beetle pupa. Photo
preferentially feeds on leaves and plant species that are  courtesy of
relatively high in non-structural carbohydrates. It also University of Hawaii
prefers to feed on leaves with feeding or other types of at Hilo, College of
Agriculture

damage (Pemberton, 1959). These leaves release
ethylene gas, which serve as an attractant to beetles
(Arita et al., 1988). The life cycle from egg to adult is
completed in 6 to 7 weeks.

1717Hhttp://www.ed
sung.com/roses/pest
< html

Pest Importance

This polyphagous scarabaeid beetle was introduced into Hawaii sometime before
1896. It is distributed in Southeast and East Asia, including Indonesia, Taiwan,
and China; it is also found on Guam. Introduction into Hawaii probably was
accomplished by larvae in the soil of plants. Adults feed at night on the leaves of
a great variety of plants. At least 255 plant species in 56 families have been
recorded as

hosts, including CHINESE ROSE BEETLE

rose, grape, Adoretuis sinictis
ADULT

cycad, okra,

beans, soybean,

pigeon pea,

sweet potato,
eggplant, maize,
cucumber,
asparagus, taro,
banana, and
cotton. Plant
damage is

Figure 3. A. sinicus adult. Photos courtesy of (left) R. Mau and J.
Kessing, Department of Entomology, Hawaii, (right) University of

caused by the Hawaii at Hilo, College of Agriculture
adult. Attacked
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leaves show numerous small holes, or may become entirely skeletonized. Larvae
feed on decaying plant matter in the soil, and only rarely attack live roots.
Although parasitoids and predators have been introduced into Hawaii, no
satisfactory control measures have been developed for A. sinicus, and it remains
a significant pest.

Symptoms/Signs

Adults feed on plant foliage at night, creating a lace-like or shot with holes
appearance on leaves by feeding on plant tissue between leaf veins. In severe
cases, most leaves are skeletonized (Fig. 4).

Larvae are commonly found in the soil of lawns, gardens, flower beds, and
sometimes in cultivated fields, wherever considerable humus is present. The
grubs do not attack living vegetable tissues and apparently are humus and
detritus feeders.

,L';--.'__I- ..-': i+

Figure 4. Feeding damage (lace-like appearance) caused by A. sinicus. Photos courtesy
of R. Mau and J. Kessing, Department of Entomology, Hawaii and B. Villegas
1683Hhttp://www.sactorose.org/ipm/84chineserosebeetles.htm

Known Hosts

The plant host for this species is composed of over 250 plants from a wide
variety of ornamental and cultivated crops. Major crops attacked include
asparagus, beans, broccoli, cabbage, cacao, Chinese broccoli, Chinese
cabbage, chiso, corn, cotton, cucumber, eggplant, flowering white cabbage,
ginger, grape, green bean, okra, rose, soybeans, strawberry, and sweet potato.

Major hosts

Acalypha (copperleaf), Alocasia (elephant ear), Cajanus cajan (pigeon pea),
Canna, Glycine max (soybean), Musa x paradisiaca (plantain), Polyphagous
(polyphagous), Rosa spp. (rose), and Vitis vinifera (grape)
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Known Distribution

Originally from Japan and Taiwan, this beetle currently enjoys a widespread
distribution throughout Southeast Asia and many Pacific Islands. Countries with
the beetle present include China, Indonesia, Korea, Malaysia, Singapore,
Thailand, Vietnam, Guam, Federated States of Micronesia, Northern Mariana
Islands, and the U.S.

Potential distribution Within the US

Introduced to Hawaii before 1896, it is now a common pest on all major islands in
the state. This pest is not known to occur in the continental U.S.

Survey

Surveys are conducted using a visual survey of symptoms. Look for plants with
foliage demonstrating a lace-like or shot with holes appearance caused by adults
of A. sinicus feeding on plant tissue between leaf veins. In severe cases, most
leaves are skeletonized.

Key Diagnostics
Information is not available at this time.
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Dectes texanus

Scientific Name
Dectes texanus LeConte

Synonyms:
Dectes texanus texanus

Common name(s)
Soybean stem borer

Type of Pest
Beetle

Taxonomic Position
Class: Insecta, Order: Coleoptera, Family: Cerambycidae

Reason for Inclusion in Manual

ENDEMIC
PEST

Pest Description

The adult of the soybean stem borer (Dectes texanus) is a bluish grey, long
horned beetle (Fig. 1). It measures about 15 mm in body length, and has
prominent black and grey banded antennae, which are as long as or longer than
the body length. Eggs (Fig. 1) are elongated (1.5 mm) and narrowed at both
ends, shiny, yellowish, and darken to amber prior to hatching. Larvae (Fig. 2) are
creamy white to yellowish, legless, cylindrical, deeply segmented, and tapered
towards the rear end. The larva goes through six larval instars, and it is the larval
stage that causes plant damage. The pupa resembles the adult and is about 15
mm long, yellowish when first formed, but dark brown as it matures.
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Figure 1. Adult (left) and egg on leaf petiole (right) of D. texanus. Photos
courtesy of P. Sloderbeck

Biology and Ecology
The basic biology of D. texanus was described in the early 1970s (Hatchett et al.,
1973, 1975; Patrick, 1973). D. texanus overwinters as mature larvae within
tunnels in the stubble of soybeans,
sunflower, ragweed, cocklebur, and other
weeds. Larvae pupate in early summer.
Adults emerge from infested soybean
stubble from mid June to early August
(Daugherty and Jackson, 1969), but
populations peak in July (Kaczmarek et.
al., 2001). Adults live up to a month. They
reach sexual maturity and are able to mate
at 5 days of age. A contact sex

pheromone is required for mating. Mating S e -

can occur anytime between 0900 and Figure 2. Mature larva of D.
1700 hours, and females can oviposit 4 to texanus. Photo courtesy of S. D.
8 days after mating (Crook et al., 2004). Stewart.

Eggs are laid in leaf petioles or stems in

the mid-canopy (Daugherty and Jackson, 1969) (Fig. 1). When the eggs hatch,
the larvae feed in the petiole for several days before tunneling down through
petioles into the stem and feed on pith tissues until cold weather begins. Mature
larvae girdle the stem from the inside at or below ground level and overwinter in
a gallery hollowed below the girdle. Only one larva will mature in each soybean
stem due to cannibalism (Sloderbeck et al., 2003).

In a recent study of the biology and behavior of D. texanus on sunflower and
soybean it was found that sunflower was the preferred host plant, although
females accepted soybean when it was the only available food (Michaud and
Grant, 2005). It was also estimated that a single irrigated circle of sunflowers can
produce up to 5 million beetles per year. Although the borers can contribute to
lodging of sunflowers, their impact is probably much greater on soybean.
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Soybean cultivars vary slightly in susceptibility to D. texanus, but truly resistant
varieties have yet to be identified or developed (Sloderbeck et al., 2003). Later
maturing varieties appear to suffer lower losses than short season cultivars.
Insecticide treatments must target adults, the only exposed stage, but repeated
applications may be necessary. Deep plowing, where feasible, may give some
control of overwintering larvae, but is not compatible with minimum or no-till
practices for dryland farming. Crop rotation is less reliable where beetle
population are high. Fields with high infestation levels of D. texanus should be
harvested as soon as possible to avoid girdling and lodging (Sloderbeck et al.,
2003).

Pest Importance

The soybean stem borer has emerged as a major pest of soybeans only in the
past 40 years (Hatchett et al., 1975; Patrick et al., 1973). Larval feeding may
cause a 10% reduction in total bean weight per plant and an 8% reduction of
individual bean weight (Richardson, 1975). However, lodging (breaking off)
remains the primary cause of yield loss (Sloderbeck et al., 2003). Yield losses
from lodging tend to be greater in early planted soybeans, non-rotated soybeans,
and whenever harvesting is delayed after maturity.

Figure 3. Oviposition scar (A), entry hole (B), and wilted leaves (C) caused by D. texanus
Photos courtesy of S. D. Stewart.

Symptoms/Signs

Adult females chew cavities into leaf petioles or stems to deposit single eggs
(Fig. 3A). Visible plant damage first becomes obvious when individual leaves
begin to wilt and die (Fig. 3C) as a consequence of larvae tunneling within
infested petioles. Leaves dry up and eventually drop from the plant. Wilted or
dead leaves can be observed in the middle canopy of infected plants during mid
summer. The reddish scar tissue in the stem that develops at the larval entrance
once the wilted leaf drops off is also characteristic (Fig. 3B). If a stem is split,
larva tunneling down through the stem and feeding on pith tissues can be seen
(Fig. 4A). Girdled plants break easily near the soil line if subject to strong wind,
heavy rain, or manual pressure (Fig. 4B). Lodged plants can be spotted in the
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field later in the season and infested stubble may be visible. Girdled edges of the
stem appear smooth and often show no sign of tunneling, but closer examination
reveals a tunnel packed with loose fibers resembling coarse sawdust.

S B v NeAZE ) __
Figure 4. (A) Feeding of larva of D. texanus in soybean stem. (B) Girdled
and lodged stem caused by D. texanus. Photos courtesy of P. Sloderbeck.

Known Hosts

Dectes texanus primarily attacks soybeans (Glycine max) and sunflower
(Helianthus annuus). It also attacks wild sunflowers (Helianthus spp.), cocklebur
(Xanthium strumarium), ragweed (Ambrosia artemisiifolia), and several other
weeds (Hatchett, et. al., 1975).

Known Distribution/Potential Distribution Within the US

D. texanus is a native species that is widely distributed across North America
east of the Rocky Mountains. It has been reported in Alabama, Arkansas,
Delaware, lllinois, Kansas, Kentucky, Louisiana, Minnesota, Missouri, Nebraska,
North Carolina, North Dakota, South Dakota, Tennessee, and Texas.

Survey

Infestations of soybean with D. texanus can be assessed by counting wilted or
dead leaves in the canopy during June and July. Presence of D. texanus is
confirmed by splitting stems and finding the tunneling larvae (Fig. 4A). Larval
entry scars evident on the stem (Fig. 3B) can be used to assess incidence of
infestation. Estimates of the proportion of girdled stems either in the mature crop
or after harvest are useful for predicting infestation levels for the following year.

If soybean stem borer beetles are observed within the upper canopy, beetles can
be sampled with a sweep net. One of the most likely places to find adults of this
species is the edge rows of current soybean crop adjacent to previous year
stubble. The heavier the infestation in the adjacent field, the greater the likelihood
that beetles will be obvious on the new crop's foliage as they emerge from their
overwintering sites in the bases of the old stems near the soil line. Fields with
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sunflower the previous year are an equally important source of infestation for
soybeans.

The following sampling procedure was suggested for fall sampling: In each field,
10 plants are broken at or below ground level (two plants at a time from 5
different locations). Stalks are split with a pocket knife, and examined for
tunneling that starts several nodes above ground, generally where a leaf was
attached. Most likely the legless, yellowish colored larvae will be near soil level
during the fall season. Record the numbers of plants sampled and the percent of
plants that held stem borer larvae or signs of tunnels. Also record the percent of
plants that are girdled and have lodged. Larvae tend to plug the tunnel above
them after they girdle a plant. Therefore, if you see lodged plants with no obvious
cause, split the stems and stem bases and see if signs of tunneling and a stem
borer larva can be found. Stem bases can also be split to get an idea of the
infestation that had been present if the field has already been harvested. See
http://www.oznet.ksu.edu/entomology/extension/Current/soybstbr.html for further
details.

Key Diagnostics
Information is not available at this time.
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Diabrotica speciosa

Scientific Name
Diabrotica speciosa Germar

Synonyms:
Diabrotica amabilis, Diabrotica hexaspilota, Diabrotica simoni, Diabrotica

simulans, Diabrotica vigens, Galeruca speciosa

Common Name(s)
Cucurbit beetle, chrysanthemum beetle, San Antonio beetle

Type of Pest
Beetle

Taxonomic Position
Class: Insecta, Order: Coleoptera, Family: Chrysomelidae

Reason for Inclusion in Manual

NATIONAL
THREAY

Pest Description

D. speciosa was first described by Germar in 1824, as Galeruca speciosa. It
registered another five synonyms (Araujo Marques, 1941), until the generic
combination Diabrotica speciosa was finally proposed by Baly (1886). The
subspecies D. speciosa vigens, is recognized from Bolivia, Peru and Ecuador,
and D. speciosa amabilis, is found in Bolivia, Colombia, Venezuela and Panama.
These two subspecies differ mainly in the coloring of the head and elytra (Araujo
Marques, 1941; Bechyne and Bechyne, 1962).

Eggs: Eggs are ovoid, about 0.74 x 0.36 mm, clear white to pale yellow. They
exhibit fine reticulation that under the microscope appears like a pattern of
polygonal ridges that enclose a variable number of pits (12 to 30) (Krysan, 1986).
Eggs are laid in the soil near the base of a host plant in clusters, lightly
agglutinated by a colorless secretion. The mandibles and anal plate of the
developing larvae can be seen in mature eggs.

Larvae: Defago (1991) published a detailed description of the third instar of D.
speciosa. First instars are about 1.2 mm long, and mature third instars are about
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8.5 mm long. They are subcylindrical; chalky white; head capsule dirty yellow to
light brown, epicraneal and frontal sutures lighter, with long light-brown setae;
mandibles reddish dark brown; antennae and palpi pale yellow. Body covered by
sparse, short, dark setae; light brown irregular prothoracic plate; dark brown anal
plate on the ninth segment, with a pair of small urogomphi. A pygopod is formed
by the tenth segment, which serves as a locomotion and adherence organ.
Pupae: Pupae are 5.8 to 7.1 mm long; white; females with a pair of tubercles
near the apex. Mature third instars build an 8 x 4 mm oval cell in the soil in which
they pupate, and tenerals remain for about 3 days.

Adults: Full descriptions of D. speciosa are given by Baly (1886), Araujo
Marques (1941), and Christensen
(1943). Adults are 5.5 to 7.3 mm
long; antennae 4 to 5 mm (Fig. 1).
General color grass-green (USDA,
1957); antennae dark, first three
basal segments lighter; head
ranging from reddish brown to
black; labrum, scutellum,
metathorax, tibiae and tarsi black;
elytra with three large oval
transverse spots on each, basal
spots larger and usually reddish 2 : _
toward the humeral callus, the rest _ _ pciosa on soybean.
yellow. Ventrally, head and Photo courtesy of CABI, 2004.
metathorax dark brown, prothorax

green, mesothorax and abdomen light brown or yellow-green. Pronotum bi-
foveate, convex, smooth, shiny, %2 wider than long. Male antennae proportionally
longer than female. Males with an extra sclerite on the apex of the abdomen that
makes it look blunt, compared with the rather pointed female apex.

Biology and Ecology:

Eggs are laid on the soil near a host plant. Eclosion success at 27°C is
approximately 92%, and it takes place after 8 days. D. speciosa undergoes three
larval instars, which are easily differentiated by the size of the head capsule. First
instars are normally scattered throughout the host's root system, but mature
larvae tend to congregate in the upper 10 cm of the root under the crown. The
larval stage lasts 23 to 25 days, including an inactive prepupal period of 2 to 3
days. At 25°C, the pupal stage lasts 6 days, and is followed by a period of 3 to 5
days during which the recently molted adults remain in the pupal cell, presumably
for the cuticle to tan. Young beetles have a yellowish or pale brown color, which
turns green with bright yellow spots in 3 days if fresh food is provided. Under
laboratory conditions, mating has been observed between 4 and 6 days after
emergence, and some females were observed mating again at day 35. Each
female laid an average of 1164 eggs during her lifetime, starting on day 8 and
extending for a maximum of 77 days. Peak oviposition was observed from days
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16 to 56. The number of overlapping generations is conditioned to the climate,
being continuous in tropical areas. In Buenos Aires, Argentina, observations
indicate there are about three generations per year (USDA, 1957).

Pest Importance

D. speciosa is considered to be an important pest throughout southern South
America (except Chile), but, being highly polyphagous, qualitative reports of its
impact on different crops vary in different regions. It is considered an important
pest of maize, cucurbits, and orchard crops throughout its distribution (CABI,
2004).

Adults of this chrysomelid feed on foliage, flowers and fruits of many plants. The
larvae are pests of roots, especially maize. It is the most harmful species of
Diabrotica in Argentina, especially affecting peanuts in the center of the country.
It causes considerable damage to watermelon, squash and tomatoes in Brazil,
and potatoes and wheat in southeast Brazil. Young squash plantings and
immature tomato fruits are severely damaged in Brazil. Populations are so heavy
in some years in Paraguay that vegetable crops are almost completely
destroyed. Severe injury also occurs on flowers of various ornamentals such as
dahlias and chrysanthemums (USDA, 1957). Economic thresholds of two insects
per plant for Phaseolus vulgaris were determined by Pereira et al. (1997).

Symptoms/Signs

The larval damage resulting from root feeding can cause the death of the host
when the host is small, but the larvae will usually only induce stunted growth in
larger host plants, due to a reduction in nutrient uptake. In maize, attack on
young plants produces a typical condition known as 'goose neck', in which the
plant exhibits stunted growth, reduced vigor, and the first few internodes of the
plant grow bent, sometimes to such an extent that the plant actually lies on the
ground. In the case of peanuts and potatoes, the larvae cause external damage
or short bores, similar to those of several other pests such as wireworms and
other chrysomelids. The adults cause defoliation and general feeding damage to
leaves, flowers and fruit. In maize, they cause a serial reduction of the number of
ripening kernels from the tip of the ear to the base, due to their feeding on the
tassels, which prevents pollination.

Known Hosts

D. speciosa is a highly polyphagous species as an adult, with more than 70 host
species recorded (Christensen, 1943; Heineck-Leonel and Salles, 1997). The
root-feeding larva is also polyphagous, but its known host range includes maize,
wheat, peanut, soybeans and potato. In addition to the hosts listed, D. speciosa
also attacks Cucurbita maxima subsp. andreana (winter squash) and Cayaponia
species (melon leaf).
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Major hosts

Arachis hypogaea (peanut), Capsicum spp., Cucurbita maxima (giant pumpkin),
Cucurbita pepo (ornamental gourd), Glycine max (soybean), Solanum tuberosum
(potato), Triticum (wheat), and Zea mays (maize)

Minor hosts

Beta vulgaris (beetroot), Brassicaceae (cruciferous crops), Citrus, Cucumis
(melons, cucumbers, gerkins), Cucurbitaceae (cucurbits), Gossypium (cotton),
Gossypium hirsutum (Bourbon cotton), Helianthus annuus (sunflower), Lactuca
sativa (lettuce), Lagenaria siceraria (bottle gourd), Luffa aegyptiaca (loofah),
Lycopersicon esculentum (tomato), Nicotiana tabacum (tobacco), Oryza sativa
(rice), Phaseolus (beans), Phaseolus vulgaris (common bean), Pisum sativum
(pea), Prunus persica (peach), Sechium edule, Sorghum bicolor (sorghum), and
Triticum aestivum (wheat)

Wild hosts
Amaranthus quitensis (pigweed (quitensis)) and Cynara cardunculus (cardoon)

Known Distribution

The beetle is known to occur in Central and South America. Countries reported
to have the beetle present include: Costa Rica, Panama, Argentina, Bolivia,
Brazil, Columbia, Ecuador, French Guiana, Paraguay, Peru, Uruguay, and
Venezuela. There is a record of D. speciosa from Mexico, but according to
Krysan (1986), it is almost certainly an error.

Potential Distribution Within the US

D. speciosa has been intercepted at ports of entry in the U.S. on several
occasions (USDA, 1957), but little is known on its actual or potential distribution
within the U.S.

Survey

The damage to crops from adult D. speciosa can be easily confused with
damage by several other phytophagous insects. However, visual detection of
adults is easy, as their feeding period spans from dawn until dusk. Detection of
larval damage, on the other hand, is more difficult. Several larvae collecting
methods and devices have been designed, but they are costly in terms of
material and labor, and none have practical field use. First instars are very
difficult to sample, and even large infestations can go undetected until the
damage caused to the host is extensive. Larger larvae can sometimes be
observed feeding on the roots of plants immediately after pulling out of the soil,
but methodical sampling and counting methods have not been developed, as
they have been for the North American pest species (Fisher and Bergman,
1986).
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Survey and detection based on visual detection of symptoms is quite difficult and
many other pests can be easily confused. Symptoms, such as dead heart in
wheat, goose neck in maize, or stunted growth in most of the larval hosts of D.
speciosa, could be attributed to several other root feeders, such as wireworms
(Conoderus spp.; Elateridae), white grubs, (Phytalus spp., Cyclocephala spp.,
Diloboderus abderus; Melolonthidae), Pantomorus spp. and Listronotus
bonariensis (Curculionidae), and several chrysomelids (Caeporis spp., Colaspis
spp., Maecolaspis spp., Diphaulaca spp. and Cerotoma arcuata) (Gassen, 1984,
1989).

Key Diagnostics

D. speciosa resembles somewhat the other main pestiferous Diabrotica in South
America, D. viridula, in coloring, size, biology and host range; but D. viridula has
dark brown areas toward the cephalic edge of the elytral spots, and distinct
humeral plicae. Also, the larvae of D. viridula lack urogomphi on the anal plate.
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Epilachna varivestis

Scientific Name
Epilachna varivestis Mulsant

Synonyms:
Epilachna corrupta, Epilachna maculiventris

Common Name(s)
Bean ladybeetle, bean ladybird, Mexican bean beetle

Type of Pest
Beetle

Taxonomic Position
Class: Insecta, Order: Coleoptera, Family: Coccinellidae

Reason for Inclusion in Manual

WESTERN
REGIONAL
THREATY

Pest Description

The Mexican bean beetle has a
complete metamorphosis with distinct
egg, larval, pupal and adult stages.
Unlike most of the Coccinellidae,
which are carnivorous and feed upon
aphids, scales and other small insects,
this species is phytophagous.

Figure 1. Egg cluster of E. varivestis on

Eqggs: Dull pale yellow or orange- the underside of Phaseolus spp. leaf (left)
colored, elliptical in shape, 1.25 mm and close-up of eggs (right). Photos

long and 0.6 mm wide, a little larger at ~ courtesy of CABI, 2004 and J. Capinera,
the base (attached end) than apex, University of Florida.

surface strongly sculptured (Fig. 1).

Eggs are deposited on the lower surface of bean leaves in clusters, 6 to 75 eggs
per cluster, with an average of between 40 and 50 (Chittenden and Marsh,
1920).

Larvae: Typical ladybird larva, elongate elliptical with moderately long legs, well

developed head and mandibles. Yellow in color, body covered with long
branched processes (scoli) bearing spines (Fig. 2). Size ranges from
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approximately 1.5 mm in newly hatched larvae up to 9 mm in full-grown, fourth
instar larvae (Chittenden and Marsh, 1920). A detailed morphological description
was provided by Kapur (1950).

Pupae: Ovate in shape, of similar size adult, yellow with brown markings. Rather
broadly rounded to subtruncate anteriorly, tapering posteriorly. Surface with
sparse bristle-like setae and long hairs. Apex with two elongated processes
(urogomphi), conical at base, black at extreme tips. Larval exuviae are pushed
down and form a protective cover over the apical third of the body (Chittenden
and Marsh, 1920). Pupation takes place in the open on an available leaf surface.

Adults: E. varivestis adults (Fig. 2) are 6.5 to 8 mm long. Typical ladybird beetle
shape, convex dorsally, flattened ventrally, head partly hidden beneath
pronotum, legs and antennae relatively short. Upper surface covered with fine,
short hairs. Tarsi composed of 4 segments, second segment from base strongly
lobed beneath, third segment very short and small, same width as base of claw
bearing fourth segment. At low magnification, tarsus appears to be only 3-
segmented, excluding tarsal claws.

Body form somewhat
elongate oval; elytra
broadest about middle, not
strongly rounded. Color
variable, but generally
brownish testaceous, with
eight black spots on each
elytron, arranged three
sub-basally, three & R i A
medially, and two Figure 2. Larvae and adult E. varivestis. Photos courtesy
subapically. In life, the of J. Castner, University of Florida.

background color is

described as yellow for newly emerged adults, gradually darkening with age to a
grayish brown or to a coppery color. Head and pronotum usually without spots.
Darker individuals also known, elytral spots then often surrounded by pale

border, or upper surface almost entirely dark brown to black. Humeral calli of
elytra prominent, explanate lateral margins moderately wide anteriorly, gradually
narrowing behind middle, disappearing subapically. Punctation of upper surface
distinct, mixture of larger and smaller punctures on elytra; intervals mostly with
weak reticulation. Tarsal claws with two long teeth.

E. varivestis and its color variations have been fully described and figured by
Gordon (1975). Descriptions and illustrations were also provided by Chittenden
and Marsh (1920), Howard and English (1924) and White (1941).
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Biology and Ecology

The adult beetles come out of hibernation, where they have spent the winter
months under collections of brush or leaves, as soon as warm weather arrives.
Some may, however, delay their emergence until mid-summer. In mid-May adults
tend to search out snap and lima beans, but by late June they begin ovipositing
in soybeans. After feeding on the tender young bean plants for one to two weeks,
the females start to lay their eggs, each depositing 500 to 600 of them in batches
of 40 to 75 on the underside of the foliage. The eggs are carefully attached at the
end so that they all stand vertically. They hatch in a week during warm weather
but may require at least two weeks under more unfavorable conditions.

The larvae feed voraciously for two to five weeks, depending upon temperature.
When first hatched, they all feed together. If the leaf is somewhat dry, the first
hatched may devour the remaining unhatched eggs. As they grow older, they still
retain their gregarious habits but tend to split up into small, scattered groups.
When pupating, the larva fastens the tip of the abdomen to a part of the plant and
starts to wiggle out of the larval skin, not entirely shedding it but pushing it back
until only the tip of the abdomen remains in the skin. The pupal stage lasts for
five to ten days, but may be extended in cool fall weather. The adults are strong
fliers and travel long distances hunting for new bean fields. The beetles
overwinter in moist, protected places, remaining dormant until spring.

Thus under favorable conditions in the southern U.S., four generations are
possible each season (from April to October), whereas further north and west,
only one to two generations are possible. The arrival of early autumn frosts kills
many eggs, larvae and pupae in Colorado and many adults die while
overwintering.

Pest Importance

E. varivestis is a major pest of beans, especially Phaseolus spp., in the U.S. In
the early years of its spread in the eastern U.S., losses up to 100% were
recorded. Figures quoted by Auclair (1960) suggested that losses of one million
dollars or more annually were probably occurring in 1933. The eradication
program in California cost almost one million dollars (Armitage, 1956). More
recent data on crop loss due to this pest is not available.

Since the late 1960s, E. varivestis has been considered a major pest of
soybeans in the eastern U.S., especially during more humid seasons (Elden,
1982; Kraemer et al., 1994).

Symptoms/Signs

The insect in both the larval and adult stages will feed upon the leaves, flowers
and growing pods of the bean plant, but the greatest amount of injury is done to
the leaves. The adult beetles are not responsible for as great a level of injury as
the larvae. E. varivestis feeds on the underside of the bean leaves, scraping
away the lower epidermal cells between the leaf veins to leave irregularly shaped
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depressions or regular feeding strips. The upper epidermis is often left intact, but
heavy feeding damage will completely skeletonize a leaf or leave it with a lace-
like pattern (Fig. 3). Occasionally blossoms, and in many cases small pods, will
be entirely destroyed or so badly eaten that they drop from the plant. Soybeans
are especially vulnerable to insect B :

defoliation during the latter period, when
plants are in the podset-podfill stages.
lllustrations of feeding damage were
provided by Chittenden and Marsh
(1920), Howard and English (1924) and
White (1941).

Known Hosts

Major hosts

Citrus aurantiifolia (lime), Glycine max
(soybean), Phaseolus spp. (beans), and

Vigna unguiculata (cowpea) Figure 3. Damage caused by the Mexican
bean beetle. Photo courtesy of J. Caster,

University of Florida.

Minor hosts
Lablab purpureus (hyacinth bean),
Medicago sativa (alfalfa), and Melilotus albus (Bokhara clover)

Wild hosts
Desmodium (tick clovers)

Known Distribution

E. varivestis is native to Central America, having been originally described from
Mexico in 1850, and probably also to the southern U.S., including Arizona, New
Mexico and Colorado. Its present distribution throughout the eastern U.S.
resulted from its importation to Birmingham, Alabama, probably in 1918 (Howard
and English, 1924; White, 1941). From this point, it spread rapidly eastwards and
northwards to the eastern seaboard and to Michigan and the New England
States over the next decade, with a smaller increase in range over a second
decade. The history of its spread was documented by White (1941). The present-
day distribution maps (Gordon, 1975, 1985) show only a slight extension of range
compared with the 1940 map of White (1941) or the CIE Map No 46 (CIE, 1954).
Maes (1991) failed to find E. varivestis in Nicaragua and suggested that reports
of its occurrence there were misidentifications.

Potential Distribution Within the U.S.

E. varivestis is already established in the majority of the U.S. E. varivestis is
widespread in Alabama, Arizona, Colorado, Connecticut, Deleware, Georgia,
Indiana, Kentucky, Maryland, New Mexico, New York, North Carolina, Ohio,
Pennsylvania, South Carolina, Tennessee, and Virginia; localized in Arkansas,
Florida, Idaho, lllinois, Louisiana, Maine, Massachusetts, Michigan, Mississippi,
Missouri, Nebraska, New Hampshire, New Jersey, Texas, Utah, Vermont, and
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Wyoming; present with few occurrences in Minnesota; and eradicated from
California and South Dakota. The native habitat of E. varivestis has a very wet
summer climate. Thus, in eastern regions with heavy precipitation, infestations
are present wherever beans are grown; whereas in the west, infestations may be
restricted to irrigated areas.

Survey

In fields with a history of E. varivestis problems, young bean plants should be
monitored early in the season before immatures and adults can cause severe
damage. A sweep net is considered the most economical way to sample, but a
ground or shake cloth, although more cumbersome, gives more accurate counts
of E. varivestis. Most recommendations agree that weekly sampling for insects
and plant injury during the growing season is necessary to monitor populations.

Because the larvae and adults feed externally, the presence of this pest can be
readily detected by observing damage to the leaves. Tapping the leaves will
usually cause the beetle to fall to the ground. As the species is unlikely to occur
on beans in storage conditions, its threat as a quarantine pest on beans under
these conditions is remote. Accidental transportation of the adults in foliage is a
more likely means for its dispersal. Howard and English (1924) thought it was
possible that the appearance of the pest in Alabama in about 1919 could be due
to its transportation in alfalfa hay from the southwest U.S., where the species
already occurred.

Key Diagnostics

The squash beetle from North America, Epilachna borealis, is similar in shape
and size, although slightly larger on average. It differs in having an anterior and
median spot alongside the suture, common to both elytra, and by having a single
apical spot (Gordon, 1976, 1985). There are many Oriental species of Epilachna,
some of which are important pests, but their number and distribution of elytral
spots vary from those found in E. varivestis.
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Naupactus xanthographus

Scientific Name
Naupactus xanthographus Germar

Synonyms:
Pantomorus xanthographus

Common Name(s)
South American fruit tree weevil

Type of Pest
Weevil

Taxonomic Position

Arthropod Pests

Class: Insecta, Order: Coleoptera, Family: Curculionidae,

Reason for Inclusion in Manual

NATIONAL
THREAY

Pest Description
Eqgs: The eggs are yellowish, ellipsoidal,

and bluntly rounded at the ends; length
1.13 to 1.6 mm; width 0.4 to1 mm.

Larvae: Larvae are legless, fleshy grubs,
with brown setae. The head capsule is
colorless, or pigmented near the
mouthparts. The mature larva is cream
colored; length 14 to 18 mm, becoming 18
to 20 mm long and more globular before
pupation.

Pupae: The pupa is cream-colored or
slightly yellowish; length 1.1 to 2.2 cm.

Adults: Adults (Fig. 1) are flightless weevils,

the males slightly smaller than the females
(CABI, 2004).
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Biology and Ecology

A generation can be completed in 19 to 20 months (Caballero, 1972). Eggs are
laid at night (Gonzalez, 1980). They may be laid on the trunk of the host plant
just below the branches on or under the bark, or under plastic sleeves. They are
covered by a gelatinous material and laid in groups, consisting of 25 to 45 eggs
(Gonzalez, 1980). In Chile, they are laid in late summer and autumn (Caballero,
1972) from January to the end of March or the beginning of April (Gonzalez,
1980). At ambient temperatures in Argentina, the incubation period ranged from
10 to 30 days during March to April and from 42 to 98 days during May to July
(Loiacono and Diaz, 1992).

Eclosion of the larvae is synchronized within an egg group and occurs sometime
between the end of January and the end of April (Gonzalez, 1980). The larvae
are positively geotropic and enter the soil (Gonzalez, 1980), where they live at
depths of 30 to 120 cm, depending on soil texture. The larval stage has five
instars and lasts 11 to 14 months, or longer, but never more than 20 months
(Gonzalez, 1980). The larvae feed on the rootlets of the plants or tunnel in older
roots. In a greenhouse, they are known to have fed on the fine roots of the weed
species provided (CABI, 2004).

Pupation occurs in the soil at depths of 30 to 80 cm (Gonzalez, 1980). Adults live
for about 8 months and feed on leaves. In Chile, they remain below ground from
May to September or October. They emerge from the soil over a 5 to 6 month
period between spring and early autumn (Caballero, 1972), becoming most
abundant in November and February. Adult emergence begins when the soll
temperature at a depth of 20 cm reaches about 15 °C, and it ceases when the
temperature drops below 15 °C. The peak of adult emergence occurs in late
spring, a second in early summer, and a third smaller peak in late summer, mid-
February to March in Chile. Females of the first peak start to lay eggs 30 to 35
days after emergence. About 24 hours after mating, females start laying eggs.
They can lay up to 850 eggs and may retain viable sperm for 3.5 months. Two
field-collected females laid about 490 eggs during 70 days in captivity (CABI,
2004).

Pest Importance

N. xanthographus attacks deciduous fruit trees (especially peach), vines, and
other plants. It is not known to be very damaging in Uruguay. In Chile, however, it
is an introduced insect and is considered one of the more important pests of
grape.

Symptoms/Signs

The primary symptom is wilting of the foliage due to larval feeding. Adult feeding
is noticeable only as superficial damage to leaves and fruits.

Known Hosts

Major Hosts:
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Actinidia chinensis (Chinese gooseberry), Annona cherimola (cherimoya), Citrus,
Eriobotrya japonica (loquat), Glycine max (soybean), Malus domestica (apple),
Medicago sativa (alfalfa), Mespilus germanica (medlar), Olea europaea subsp.
europaea (olive), Persea americana (avocado), Prunus armeniaca (apricot),
Prunus avium (sweet cherry), Prunus domestica (plum), Prunus dulcis (almond),
Prunus persica (peach), Pyrus spp. (pears), Pyrus communis (European pear),
Solanum tuberosum (potato), and Vitis vinifera (grape)

Known Distribution

N. xanthographus is native to the southern part of South America. It has been
introduced into Chile, where it is now widespread and common in the central
zone (CABI, 2004).

Potential Distribution Within the U.S.

N. xanthographus has notably high pest potential for North American agriculture.
It is a pest of several major crops, especially grape and tree fruits that are grown
in North America. It has a primarily temperate rather than tropical distribution.
Buenos Aires and Montevideo represent the general regions from which several
South American weevil species (including the vegetable weevils, Listroderes
spp., and the whitefringed weevils, Graphognathus spp.) probably

entered southeastern North America. The weevil is immigrant in Chile, so
Chilean populations should be adept at colonization. Chile should be a prime
source area for immigration into western North American agricultural regions.
Live adults have been intercepted at North American ports in multiple numbers.
Most important, an inseminated female may retain viable sperm (Whitehead and
Whittle, 1985).

Survey

Larvae can be found in the soil any month of the year. Adults can be recovered
from the soil every month of the year except November in Chile, and they can be
dislodged onto plastic sheets by beating the foliage. Adults cannot fly. However,
they can climb the trunks of host plants, and when disturbed they drop to the
ground. The legless first-instar larvae are also able to climb.

The mature larvae of N. xanthographus may be mistaken for Aegorhinus
phaleratus, which is found only in Chile, and with Naupactus leucoloma and
Pantomorus cervinus.

Key Diagnostics

Adults are needed for positive identification. N. xanthographus and N.
dissimulator represent two closely related species groups, which

are somewhat difficult to identify to genus in existing keys to Naupactini. For
example, N. xanthographus is sexually dimorphic in several features, and in
some characters (e.g., presence or absence of denticles on the ventral
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margin of the hind tibia) the two sexes might trace to different genera. However,
the N. xanthographus and N. dissimulator groups are easily distinguished from all
other Naupactini by having prominent posterior elytral tubercles formed by jointly
swollen apices of intervals 3 + 9 (Whitehead and Whitten, 1985).
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Popillia japonica

Scientific Name
Popillia japonica Newman

Synonyms:
Aserica japonica, Maladera japonica, Serica japonica, Autoserica japonica

Common Name(s)
Japanese beetle, velvety chafer

Type of Pest
Beetle

Taxonomic Position
Class: Insecta, Order: Coleoptera, Family: Scarabaeidae

Reason for Inclusion in Manual

WESTERN
REGIONAL
THREATY

Pest Description

Eqgs: Newly-laid eggs are about 1.5 mm long, pearly white, and oblong. Eggs
absorb water from the soil, becoming spherical and nearly doubling in size within
a week. The external surface of the protecting chorion is marked with small
hexagonal areas. The developing embryo can be seen within eggs that are close
to hatching.

Larvae: P. japonica larvae are typical scarabaeid grubs. The head is yellowish-
brown, with strong, dark-colored mandibles; the body consists of 3 thoracic
segments, each with a pair of jointed legs, and a 10-segmented abdomen. The
grubs assume a C-shaped position in the soil. The cuticle is transversely wrinkled
and is covered with scattered brown hairs, which are interspersed with short,
blunt, brown spines. The raster, located on the ventral side of the last abdominal
segment, has many scattered, brown hooked spines; medially, two conspicuous
rows of 6 or 7 shorter straight spines are arranged in the form of a truncated ‘V’.
This V-shaped arrangement on the raster distinguishes P. japonica from other
larval scarabaeids. The last abdominal segment also bears many yellowish hairs
at the sides and the end (CABI, 2004).
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Newly-hatched grubs are about 1.5 mm long and translucent white; the
abdominal area becomes grayish once the larva has fed. There are three larval
instars. Just prior to molting, first and second instar grubs attain average
middorsal lengths of 10.5 and 18.5 mm, respectively, whereas the mature third
instar averages 32 mm in length. Head capsules of first, second, and third instar
grubs average 1.2 mm wide and 0.7 mm long, 1.9 mm wide and 1.2 mm long,
and 3.1 mm wide and 2.1 mm long, respectively.

Prepupae: When mature, the grub stops feeding, voids the gut so that the
posterior region loses its dark appearance and becomes cream-colored. It then
becomes a pale and somewhat shrunken prepupa. The body straightens out
except for a slight crook at the caudal end. Eventually, the developing
appendages are everted from their sacs and lie outside the newly developed
pupal cuticula, beneath the old larval cuticula. The transformation to prepupa and
pupa occurs in the earthen cell formed by the mature larva (CABI, 2004).

Pupae: The young pupa forms within the old larval and prepupal exuviae, which
change in appearance to a fine, light tan mesh-like tissue. This shroud-like
covering splits along the middorsal line
as the pupa develops. The pupa, which
averages 14 mm long and 7 mm wide,
resembles somewhat the adult beetle,
except that the wings and other
appendages are closely folded to the
body. It is a pale cream color at first,
gradually becoming tan and finally taking

on the metallic green of the adult. i - \ ' : f

UGA1150135

Adults: The adult is an attractive, broadly  Figure 1. Adult Japanese Beetle.
oval beetle, 8 to 11 mm long, and about Photo courtesy of Doug Stone,
5 to 7 mm wide. Females usually are Mississippi State University,
slightly larger than males. The head and 1684Hwww.invasive.org

body are dark, metallic green, with

darker coppery-green legs (Fig. 1). The

coppery-brown elytra, which do not quite reach the tip of the abdomen, expose a
row of 5 lateral patches of white hairs on each side of the abdomen and a pair of
these patches on the dorsal surface of the last abdominal segment. These white
patches on the green abdomen distinguish P. japonica from all other beetles that
resemble it (CABI, 2004).

Biology and Ecology

Larvae (usually 3rd instar) overwinter in an earthen cell about 15 to 30 cm deep
in the soil. In early spring, when the soil temperatures warm to about 10°C, the

grubs move closer to the surface and resume feeding on plant roots at 2.5 to 5

cm depth. Pupation usually occurs after 4 to 6 weeks of feeding, and the adults
emerge in late May to early July, depending on latitude (CABI, 2004).
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Mating and egg-laying begin soon after emergence. Virgin females produce a
volatile sex pheromone. Early in the seasonal flight period, aggregations
containing dozens of males may form on the ground around a single, emerging
female. Females also re-mate on food plants between each bout of oviposition.
The beetles usually feed in groups, usually starting near the top of a plant and
working downward. The adults are attracted to feeding-induced plant volatiles,
resulting in aggregation on damaged plants. Females may leave host plants in
the afternoon and fly to suitable sites for oviposition. Areas with moist, loamy soil
covered with turf or pasture grasses are preferred, especially when such sites
are near favored food plants. Eggs are laid singly, in small clutches (1 to 4 eggs)
in the upper 7.5 cm of soil. The cycle of feeding and oviposition is repeated every
few days. The average life of a female is 30 to 45 days, during which she may lay
40 to 60 eggs (CABI, 2004).

Eggs hatch in about 2 weeks, and the young grubs begin feeding on fine roots
and organic matter. They molt and become second instars after 2 to 3 weeks,
and third instars after 3 to 4 weeks more. Feeding continues until late fall, when
the grubs move deeper into the soil in response to declining soil temperatures. At
the latitude of Virginia and Maryland, the population consists of mainly adults and
eggs in July, first and second-instar grubs by mid-August, second and third
instars by early September, third instars from late September to late April, and
prepupae and pupae in May and early June. This sequence is 2 to 3 weeks later
in more northern parts of the beetles’ range, and somewhat earlier in the south.
Normally there is one generation per year, but at the northern edge of its range, a
few individuals may need 2 years to complete the life cycle (CABI, 2004).

Temperature and soil moisture are probably the main factors limiting potential
spread of the beetle into new areas. According to Fleming (1972), P. japonica is
adapted to regions where the mean soil temperature is between 17.5 and 27.5°C
during the summer and above -9.4°C in winter. In addition, precipitation must be
adequate and rather uniformly distributed throughout the year, averaging at least
25 cm during the summer.

Pest Importance

P. japonica is probably the single most destructive insect pest of golf courses,
lawns, and herbaceous and woody landscape plants in the eastern U.S.
Hundreds of millions of U.S. dollars are expended each year in controlling the
grubs and adults, and in renovating or replacing damaged turf or ornamental
plants. Damage to tree fruits, small fruits, maize and soybeans is also significant.
Many millions of U.S. dollars have also been spent in limiting the beetles' spread
in North America. It is less of a pest in Japan.

In the U.S., adult P. japonica have been observed feeding on at least 295
species of plants in 79 plant families. These include small fruits, tree fruits,
vegetable and garden crops, field crops, woody and herbaceous ornamentals,
shade trees, various weeds, and many non-economic species. Economic
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damage has been recorded on more than 100 species. The beetles are
particularly attracted to certain species of Aceraceae, Anacardiaceae,
Betulaceae, Clethraceae, Ericaceae, Fagaceae, Gramineae, Hippocastanaceae,
Juglandaceae, Lauraceae, Leguminosae, Liliaceae, Lythraceae, Lythraceae,
Malvaceae, Onagraceae, Platanaceae, Polygonaceae, Rosaceae, Salicaceae,
Tiliaceae, Ulmaceae, and Vitaceae. The grubs feed on roots of a wide range of
vegetable crops, ornamental plants and tender grasses. In Japan, the host range
appears to be smaller than in North America.

Symptoms/Signs
Skeletonized foliage is the most common symptom of feeding by the adult (Fig.
2). The beetles generally feed from the upper surface of leaves, chewing out the
tissue between the veins and leaving a lacelike skeleton. Severely damaged
leaves soon turn brown and drop. The adults are gregarious, usually beginning to
feed on foliage at the top of a plant and working downward. On some plants with
thin leaves and fine venation, and on petals of flowers (Fig. 2), the beetles
consume irregularly : -

shaped sections in the
same manner as a
caterpillar. Plants with
thick, tough leaves are
usually not attacked,
but when such leaves
are eaten, the feeding
often is restricted to the
palisade mesophyll
and does not penetrate
to the lower leaf
surface.

Maize is the field crop

most seriously _
damaged in North Figure 2. Japanese beetle damage. Photos courtesy of

America. The beetles éelrw A. PSype, A?ric1u6lt;;5raHl Rese_arch $ervice and
feed on the maturing emson University. www.invasive.org

silk, preventing

pollination; this results in malformed kernels and reduced yield. They also
defoliate soybeans, asparagus, all varieties of grapes, and various fruit-bearing
trees, especially apple, cherry and plum. Beetles often aggregate and feed in
large numbers on fruit of early-ripening varieties of apple, peach, nectarine, plum
and quince, rendering them unmarketable.

UGR1224225

The larvae are most abundant in well-kept lawns and golf courses, and in
pastures. As the grub burrows through the soil just below the surface, it cuts off
and consumes the grass roots. Early symptoms include thinning, yellowing, and
wilting, culminating in large patches of dead, brown grass that appear in late
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summer or early autumn, and sometimes in the following spring. When grubs are
numerous, the root system is completely severed, and the sod can be lifted or
rolled back like a carpet. Damage is compounded by deficiency of rainfall or
other stress. Secondary damage from skunks, raccoons, birds, moles or other
predators often causes more disruption to the sward than the grubs themselves.
Feeding by grubs on roots of maize, beans, tomatoes, strawberries, nursery
seedlings or other crops reduces their vitality and yield and sometimes Kills the
plants (CABI, 2004).

Known Hosts

Major hosts

Acer (maples), Asparagus officinalis (asparagus), Glycine max (soybean), Malus
(ornamental species apple), Prunus (stone fruit), Rheum hybridum (rhubarb),
Rosa (roses), Rubus (blackberry, raspberry), Tilia spp.(limes), Ulmus (elms), Vitis
(grapes), and Zea mays (maize).

Minor hosts

Aesculus (buckeye), Althaea (hollyhocks), Betula (birches), Castanea
(chestnuts), Hibiscus (rosemallows), Juglans nigra (black walnut), Platanus
(planes), Populus (poplars), Salix spp. (willow), Sassafras albidum (common
sassafras), Sorbus americana (American mountainash), and turfgrasses (CABI,
2004).

Known Distribution

P. japonica originates from northeastern Asia where it is native in northern China,
Japan and in the far east of Russia. The pest also occurs in the U.S. In Japan,
the beetle is most abundant in northern Honshu and in all of Hokkaido where
grasslands occur, but it rarely reaches the high population densities that occur in
the eastern U.S. In Russia, P. japonica presently is restricted to the South Kirile
region of Sakhalin, on the island of Kunashir. It is absent in the European Plant
Protection Organization (EPPO) region, except for the island of Terceira, Azores
(Portugal), where the pest has spread from a U.S. airbase. The pest has a
localized distribution in Canada (Nova Scotia, Ontario, and Quebec) (CABI,
2004).

Potential Distribution Within the U.S.

In the U.S., P. japonica is now established in all eastern states except for Florida.
P. japonica is present in Alabama, Connecticut, Delaware, Georgia, ldaho,
lllinois, Indiana, lowa, Kansas, Kentucky, Maine, Maryland, Massachusetts,
Michigan, Minnesota, Missouri, Nebraska, New Hampshire, New Jersey, New
York, North Carolina, Ohio, Pennsylvania, Rhode Island, South Carolina,
Tennessee, Vermont, Virginia, West Virginia, and Wisconsin. The pest is
believed to be eradicated in California, Nevada, Oregon, and Washington.

Allsopp (1996) used a computer-generated modified Match Index to analyze
climatic suitability and predict the potential worldwide distribution of P. japonica.
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According to the model, in North America, the beetle has the potential to spread
west to the middle of Nebraska, Kansas, Oklahoma and Texas; south to the
middle of South Carolina and Georgia and most of Alabama and Mississippi; it
already has reached some of these limits. The southern parts of the Canadian
Maritimes and eastern British Columbia and parts of Washington and Oregon are
also suitable.

Survey

Adult P. japonica are easily detected by inspecting vulnerable plants for
aggregations of beetles on foliage, flowers, or fruits, or for skeletonized leaves,
during the beetles’ flight period in early- to mid-summer. Adults are most active
on warm sunny days. Traps containing food-type lures and/or sex attractants
have been widely used in the U.S. for monitoring and survey purposes, and to
detect infestations. Active grubs can be detected by cutting sections of sod with a
spade or golf-type cup cutter in late summer or autumn, or in early spring, and
examining the soil and roots to a depth of about 8 cm.

Key Diagnostics

The adults are a brilliant metallic green, generally oval in outline, 3/8 inch (8 to 11
mm) long and 1/4 inch (5 to 7 mm) wide. The wing covers are a coppery color
and the abdomen has a row of five tufts of white hairs on each side that are
diagnostic.
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Flies

Melanagromyza dolichostigma

Scientific Name
Melanagromyza dolichostigma De Meijere

Synonyms:
Agromyza dolichostigma, Melanagromyza decora

Common Name(s)
Soybean root miner

Type of Pest
Fly

Taxonomic Position
Class: Insecta, Order: Diptera, Family: Agromyzidae

Reason for Inclusion in Manual

NATIONAL
THREAT

Pest Description

Generally speaking, agromyzid flies are small and
black or yellowish (Fig. 1). Larvae are leaf miners,
while adults can be found in a diversity of settings.
Most plant damage is accomplished by fly larvae.
Larval mine characters often afford the easiest
recognition of agromyzid flies, rather than the
individuals themselves. These are usually
serpentine mines: narrow and winding, which
increase in width with larval growth (Triplehorn and
Johnson, 2005). Other species of agromyzids may

instead form blotch or intermediate mines (Baker Figure 1. Agromyzid fly adult.

and Bambara, 1997). Photo courtesy of AVRDC Crop
Protection Guides
In 1922, De Meijere described M. dolichostigma
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from a series of specimens and M. decora from a single female, both from
material bred from Glycine (as Soja) and Phaseolus. M. decora was later
synonymized with M. dolichostigma (Spencer, 1961).

Eqgs: Eggs are yellowish-white and cylindrical. The surface is marked with
distinct longitudinal grooves.

Larvae: Larvae are long and slender with teeth of differing length on each mouth-
hook; anterior spiracles unusually long, with up to 12 minute pores; posterior
spiracles shorter, but still elongate with up to 15 pores; color off-white.

Pupae: Pupae are oval, 2.5 mm long, yellowish brown in color and remain in
stems.

Adults: M. dolichostigma is a small blackish species with a variable metallic
coloring, usually of a copper/purple hue. Frons narrow; jowls narrow; eyes bare;
third antennal segment small, round and with a noticeably long and pubescent
arista. Mesonotum with two strong dorso-central bristles and between them,
numerous rows of fine acrostical hairs (up to 8 rows). Mid-tibiae of the legs with
two strong lateral bristles. Wing length ranges from 1.8 mm in male to 2.2 mm in
female; costa extending strongly to M<(sub)1+2> (last long vein to reach apex of
wing). Last long vein, M<(sub)3+4>, with a cross-vein dividing it into proximal
one-third to distal two-thirds. Head, frons, matte black; orbits and ocellar triangle,
only slightly shining; thorax and abdomen with a metallic sheen of green to
purple; squamae pale with a yellow-brown margin. Details of genitalia are given
in Spencer (1973).

Biology and Ecology

According to van der Goot (1930), eggs are laid exclusively on the underside of
leaves. Frequently, the eggs are not inserted into the leaf tissue but are merely
deposited on the surface. Feeding punctures, however, are made on the
upperside of the leaves. Three or four eggs may be laid together on one leaf.
Leaves are usually selected which have not fully unfolded and this, together with
the hairs on the underside, prevents the eggs from falling to the ground before
the larvae hatch. Hatching takes place within 2 to 3 days of oviposition.

Upon hatching, the larva immediately eats its way into the leaf tissue and then
into the nearest vein and via the petiole to the stem. Here it feeds initially on the
outer layers. After feeding down the stem for 2 to 3 cm, the larva turns and feeds
upwards eating deeper in the pith of the stem. A substantial cavity is eaten out,
enclosed only by the outer layers of the stem tissue and the epidermis.

Frequently, two or more larvae can be found feeding together in Phaseolus
vulgaris. This is particularly common in smaller plants, where the entire stem
tissue is eaten and the shoot dies as a result. In more robust plants, the shoot is
able to continue its growth, and a gall-like swelling develops at the point of larval
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feeding. This regularly occurs in Vigna umbellata var. trinervis. The duration of
larval feeding has not been accurately observed but appears to be 8 to 10 days.

Pupation takes place in the hollowed-out stem. The puparia are always in the
upper-most part of the stem, either in the shoot that has been killed or in the
swelling immediately beneath the shoot. On one occasion, puparia were found in
the swollen petiole of one of the upper leaves.

The duration of the entire life cycle was studied in the laboratory and has ranged
17 to 21 days, averaging 18 days. Females lived in the laboratory for 11 to 44
days, averaging 22 days.

Pest Importance

Although individual larvae damage can be high, M. dolichostigma is regarded as
not very dangerous because populations are normally smaller than those of other
agromyzids on tropical legumes (Spencer, 1973). However, in mountain areas of
Java and Taiwan the damage can be more significant (Lee, 1976; van der Goot,
1930). Talekar (1990) reported that the damage of M. dolichostigma is greater
after the flowering period of the host plant. After flowering, the plants can hardly
compensate for wilted shoots.

For various reasons, the damage caused by M. dolichostigma is generally not
serious. Populations of M. dolichostigma are generally low. Frequently, the first
attack takes place shortly before flowering and when the main growth has been
completed. Despite damage, and even death of a short length of the shoot, the
plant frequently survives and is able to resume normal growth. However, when 3-
or 4-week-old plants are attacked, stunting of growth occurs, and this is rarely
compensated by production of new shoots. The production of pods and the yield
is then considerably reduced, as was seen with a crop of soybean in Lembang,
Java (Indonesia), in 1921. In this case about 50% of plants were attacked.
Normally, however, the infestation rate is approximately 1 to 2%. On Vigna
umbellata, the frequent death of the top shoots inhibits growth and leads to a
reduced number of pods. Infestation occurs regularly at a low level, but on
occasions it is severe. On this evidence M. dolichostigma cannot be considered a
serious pest. Nevertheless, when populations rise due to favorable
circumstances economic loss is clearly caused (Spencer, 1973).

Since 1973, the area of soybean cultivation has considerably increased. For
instance, in Japan, government efforts are being made to increase the production
of soybean at the expense of rice growing. Also, in Taiwan, more soybeans are
being grown than 29 years ago (Chang, 1971). Thus, in Japan and Taiwan, the
presence of M. dolichostigma can pose a threat to the increased acreage of
soybean.
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Symptoms/Signs

Larvae feed internally. In smaller plants, the entire stem tissue may be eaten and
the shoot may die as a result. In more robust plants, the shoot is able to continue
its growth and a gall-like swelling develops at the point of larval feeding. The
whole plant may wilt and stunt (dwarf). The production of pods and the yield can
be considerably reduced.

Known Hosts

Major hosts

Cajanus (pigeon pea), Fabaceae (leguminous plants), Glycine max (soybean),
Pachyrrhizus, Phaseolus (beans), Psophocarpus (winged bean), and Vigna
(cowpea). The main host appears to be soybean.

Minor hosts

Arachis (peanut), Calopogonium (calopo), Canavalia (jack bean), Centrosema
pubescens (centro), Crotalaria (rattle pod), Indigofera (indigo), Pueraria (kudzu),
and Rhynchosia.

Known Distribution

M. dolichostigma seems to be restricted to Southeast Asia, where it is thought to
be indigenous. The fly has been reported in China, Taiwan, Java (Indonesia),
Thailand, and Japan. These are the only recorded areas for M. dolichostigma
despite the fact that it infests such a widely grown host as soybean. This would
suggest that the fly is naturally restricted to its indigenous countries. Elsewhere,
soybean and the other legumes reported as hosts for M. dolichostigma are
attacked by other pests, including other Melanagromyza species.

Potential Distribution Within the US
Information is not available at this time.

Survey

Inspect young leaves, in particular, for signs of egg laying by M. dolichostigma or
for larval activity in the leaf, petiole or stem. Later symptoms to look for are
swollen stem and dead leaves associated with dead shoots.

Key Diagnostics
M. dolichostigma has similarity to several other related species, thus reliable
identification is not easy.

The three species M. bonavistae in East Africa, M. dolichostigma in Java and
Formosa, and M. koizumii in Japan represent a closely related complex, as seen
from the unusually long larval anterior spiracles and the characteristic form of the
posterior spiracles. Apart from the differences in genitalia, there are also
significant differences in biology; M. bonavistae feeds in pods, M. dolichostigma
and M. koizumii feed in stems (Spencer, 1973).
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The larvae lack the typical central horn of posterior spiracles. Larval mandibles
have one mouth hook each, the left one distinctly larger than the right one.
Locomotion welts clearly consist of two types of denticles (Sasakawa, 1961).
Two striking characters are the extremely elongated anterior and posterior
spiracles. However, these features are shared with the related but only poorly
understood species M. koizumii from Japan. Separation of the two species is
possible only by the mode of female oviposition.

The male genitalia of M. dolichostigma are similar to M. cordiophoeta, M. sojae,
and M. cunctans; however, other morphological characters and some host
preferences are different. Whilst all Melanagromyza share the metallic coloring to
some degree, M. dolichostigma is quite distinct in having the strong purple tinge
to its color.
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Melanagromyza sojae

Scientific Name
Melanagromyza sojae Zehntner

Synonyms:
Agromyza producta, Agromyza sojae, Melanagromyza producta, Melanagromyza

prolifica

Common Name(s)
Asparagus miner, bean stem miner, bean fly, stem fly, soybean fly, soybean
stem borer, soybean stem miner, soybean stem fly

Type of Pest
Fly

Taxonomic Position
Class: Insecta, Order: Diptera, Family: Agromyzidae

Reason for Inclusion in Manual

NATIONAL
THREAT

Pest Description

The egg is whitish, partly transparent and
measures 0.34 + 0.02 mm in length and
0.15 £ 0.01 mm in width (Lee, 1976;
Wang, 1979).

The young larva is nearly colorless (Fig.
1). The peculiar shape, size and nature of
sclerotization of posterior spiracular bulbs
can be used in identification. The anterior
spiracles are short and knoblike, with eight
minute pores. Posterior spiracles are well
separated and normally consist of six
raised pores around a central truncated
horn. The three larval instars of the
soybean stemfly, M. sojae, are completed
in 9 to 11 days.

Figure 1. Larvae (left) and pupa (right)
of M. sojae. Photo courtesy of Ooi. P.
1686Hwww.ecoport.com
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The pupa is cylindrical, golden yellow, and measures 2.75 mm long and 1.00 mm
wide (Singh, 1982) (Fig. 1). Pupation of the soybean stem fly occurs in the center
of the bean stem, often at the level of the unifoliate leaves of younger plants.

Freshly emerged adult flies have moist crumpled wings and very faint
pigmentation on the abdomen and legs. Progressive darkening and hardening of
the body wall and legs occurs for about 30 minutes, during which the wings also
become smooth and dry. Soon the fly develops its metallic black color with a
metallic shiny abdomen. Antennae, legs, and bristles on head and thorax are all
black. The wings are transparent. Females are larger and have a tube-shaped
abdomen. In females, body length is 1.88 mm, width at thorax 0.70 mm,
wingspan 4.45 mm. In males, body length is 1.60 mm, width at thorax 0.50 mm,
and wingspan 3.90 mm. Spencer (1973) gives details of other morphological
characters.

Biology and Ecology

Eggs are always laid on the underside of the young leaves; on a unifoliate leaf if
the plant has only two leaves, or on fully opened trifoliate leaves, at the basal
part of the leaf lamina near the petiole. Numerous feeding punctures are made
on the upper side of the leaves. One leaflet usually receives 1 or 2 eggs;
however, that number may reach 5 or 6 depending upon adult population density.
Egg hatch commences in 2 days, peaks in 3 days and can last up to 7 days after
oviposition (Wang, 1979).

Immediately after emergence, the larva burrows through the mesophyll tissue
into the closest vein, disappearing downwards in the leaf, eventually tunneling
through the petiole and ending up in the stem. In the stem, the larva burrows into
the pith reaching the root-shoot junction. It burrows further into the thickened tap
root, turns around, and moves upward into the pith, thus widening the original
tunnel. It gnaws through xylem and phloem tissues to the epidermis, making a
hole to the outside, closes it with debris, and pupates in the stem (van der Goot,
1930).

The larva is nearly colorless and attracts very little attention when the stem is cut
open for observation. There are three larval instars. Singh (1982) reports the
duration of three instars at 32 + 2°C and 70% RH as follows: first instar 22 hours,
second instar 43 hours and third instar 98 hours. The total duration of larval
stage was 7 days. Natural mortality of larvae is very high. Despite the large
number of eggs, a maximum of only two larvae were found in van der Goot's
(1930) study in Indonesia. Wang (1979) reports 62, 24, and 20% mortality of
larvae in 1st, 2”d, and 3rd instars, respectively.

The pupa is always located in the pith tunnel, often at the level of unifoliate
leaves of younger plants and usually near the fly escape hole, seen as a dark
depression. The duration of the pupal period in the laboratory at 30 + 2°C and
70% RH was 190 hours (Singh, 1982). At an average temperature of 27°C, the
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pupal stage lasts 6 to 9 days in June in northern Taiwan (Lee, 1976). In
Indonesia, van der Goot (1930) reported a pupal period of 9 to 10 days.

The majority of adults emerge during the morning and early hours of the day. The
total development time from egg to adult is 16 to 26 days, with an average of 21
days, in lowland Indonesia. Soon, the fly develops its metallic black color and
seeks soybean and other host plants. M. sojae adults are weak fliers and their
activity is strongly influenced by the weather. They feed on plant juices from
oviposition and feeding holes made in the leaves by females, dew drops, and
other similar moist materials. Copulation occurs 3 to 5 days after adult
emergence. The insect copulates only in the morning from 0700 to 1000 hours.
Oviposition begins soon after copulation and lasts for 19 days (Wang, 1979).
Eggs are laid on the leaves. In Taiwan, females laid 171 £ 115 eggs throughout
their lives. The females each laid 1 to 34 eggs per day, and 50% of eggs were
laid within the first 9 days (Wang, 1979).

Van der Goot (1930) found the lifespan of adults in the laboratory to be 15 to 36
days with an average of 23 days for females and 10 to 46 days with an average
of 26 days for males. This lifespan, according to the same study, was longer than
it is under field conditions. In Taiwan, Wang (1979) reports the lifespan as 6 to 19
days for adult flies. In India, Singh (1982) reports the average lifespan as slightly
more than 4 days at 30 + 2°C and 70% RH.

Pest Importance
M. sojae is a pest mainly of soybean and to some extent mung bean and black
gram. In soybean, infestation occurs in the unifoliate or early trifoliate leaf stage.
By this stage, the seedlings are well established, and the insect infestation rarely
results in plant mortality. Yield loss varies from location to location and according
to the plant growth stage when infestation occurs. Yield reduction occurs only
when the plant is damaged at the seedling stage. The later the damage, the
lower the yield loss will be. In Taiwan, yield loss among 163 soybean varieties
was 31% (AVRDC, 1981). In
Shandong Province of China, there
are reports of M. sojae causing
plant mortality and yield loss in
soybean (Anonymous, 1978). In
India, Bhattarcharjee (1980) studied
the relationship between M. sojae
infestations, plant height and yield
loss in soybean. According to his
calculations, this insect has the
potential to cause up to 80% yield
loss. This pest probably causes

significant yield loss in soybean in

Indonesia. However, in most cases, Figure 2. Larval stem borings caused by M.
if the crop is not protected sojae. Photo courtesy of CABI, 2004.

4]
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Ophiomyia phaseoli causes severe damage before M. sojae infestation begins.
Hence, no independent information is available on the extent of plant damage or
yield loss by M. sojae in that country.

Symptoms/Signs

M. sojae overwhelmingly prefers soybean. There are no clear external symptoms
of infestation except for some minute oviposition/feeding punctures at the base of
the leaf lamina. When the stem is cut open, feeding tunnels containing larvae
and pupae are visible (Fig. 2). In slightly older plants, two separate tunnels are
often found. The one in the lower half is older and has developed a dark brown
color. This tunnel originates in the stem, roughly at the junction of the unifoliate
leaves, and extends downwards up to the soil surface. This type of tunnel
indicates that the infestation occurred earlier, from the eggs laid in the unifoliate
leaf. The second tunnel starts just under the top of the plant and extends
downwards up to the first tunnel. Presuming that the part of the plant at the
unifoliate leaf escaped infestation, this tunnel can extend up to the soil surface.
This feeding results from the later infestation of trifoliate leaves. If the plant is
damaged very early, it is possible that the later infesting larvae will not have
enough pith tissue to feed on. Under such circumstances, the larva moves
upwards hollowing out the shoot, which may lead to withering of the top.

Known Hosts
Major hosts
Glycine max (soybean)

Minor hosts

Cajanus cajan (pigeon pea), Crotalaria juncea (sunn hemp), Medicago sativa
(alfalfa), Phaseolus vulgaris (common bean), Pisum sativum (pea), Vigha
angularis (adzuki bean), Vigna mungo (black gram), Vigna radiata (mung bean),
Vigna sinensis ssp. sesquipedalis (asparagus bean), and Vigna unguiculata
(cowpea)

Wild hosts
Astragalus sinicus

Known Distribution

M. sojae is also widespread in China, India, Indonesia, Japan, Korea, and
Vietnam. It is present in Israel, Laos, Malaysia, Philippines, Saudi Arabia,
Thailand, Egypt, South Africa, Australia, and the Solomon Islands.

Potential Distribution Within the US
Information is not available at this time.

Survey

M. sojae is metallic black in color, 1.9 mm in length, and shaped like a minute fly.
Adults are active only during the day, especially in the early morning hours. In
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young leaves, M. sojae causes tiny holes at the base of the leaf lamina. On
cutting open, stems are seen to contain dark red to brownish feeding damage in
the pith and larvae or pupae in the feeding tunnels.

Key Diagnostics

Two other agromyzids, Ophiomyia phaseoli and O. centrosematis, can attack
soybean at the same time as M. sojae. These insects can be easily distinguished
only in larval and pupal stages by locating their feeding and pupation sites within
the host plant. Whereas Ophiomyia larvae are cortex feeders, pupating in the
cortex just beneath the stem epidermis, M. sojae larvae are pith feeders and
pupate in the pith. The three species can also be distinguished by the
morphology of their posterior spiracles in both larval and pupal stages (Talekar,
1990). In O. phaseoli, the posterior spiracles closely adjoin on conical projections
usually with about 10 minute bulbs; in O. centrosematis, the distal ends of the
posterior spiracles are divided into three conical structures; and in M. sojae, they
are well separated and normally consist of six raised pores around a central
truncated horn.
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Ophiomyia centrosematis

Scientific names
Ophiomyia centrosematis de Meijere

Synonyms:
Melanagromyza centrosematis

Common Name(s)
Bean root miner, stemfly

Type of Pest
Fly

Taxonomic Position

Class: Insecta, Order: Diptera, Family: Agromyzidae

Reason for Inclusion in Manual

NATIONAL
THREAT

Pest Description

The eggs of O. centrosematis are laid underneath
the epidermis in the hypocotyls of the host plant.
The almost transparent eggs are 0.413 + 0.023
mm long and 0.163 + 0.025 mm wide (CPC Report,

1997).

There are three larval instars. The first instar is
almost transparent; while the second and third
instars are milky white. Larvae become opaque

before pupation. The length of the

cephalopharyngeal apparatus was 0.22 + 0.03 mm
in the first instar, 0.44 £ 0.02 mm in the second,
and 0.64 + 0.02 mm in the third (Talekar and Lee,
1988). There is, therefore, linear increase in the
length of the cephalopharyngeal apparatus from

Arthropod Pests

Figure 1. Agromyzid fly
pupa inside stem. Photo
courtey of AVRDC Crop
Protection Guides.

the first through the third instar. The anterior spiracles are much longer than the
posterior spiracles. The distal end of the posterior spiracle is divided into three
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conical structures with one opening on each (Talekar, 1990). This feature is
retained in pupae (CPC Report, 1997).

Initially, pupae (Fig. 1) are light yellow, becoming golden yellow and dark yellow
just before adult emergence. Pupae, on average, are 2.30 + 0.10 mm long, 0.89
+ 0.07 mm wide, and weigh 0.708 + 0.021 mg (Talekar and Lee, 1988).

Adults are small, shiny and black. Spencer (1973) describes details of other
morphological characters.

Biology and Ecology

The life cycle of beanflies is completed very
rapidly, often in less than 2 weeks.
Generations are continual in tropical areas.
Pupation occurs inside the stem and adult
egg-laying activity occurs mainly in the leaves
near the petiole (AVRDC Crop Protection
Guides, 2001). Temperature strongly
influences all growth stages; warmer
temperatures correspond with shorter egg,
larval, pupal and adult stages. Three to four
generations of O. centrosematis are typically

observed in Taiwan, where the average Figure 2. Agromyzid fly larva.
temperature is 25°C (Talekar and Lee, 1988).  Pnoto courtesy of AVRDC Crop
However, in Taiwan, yield losses as a result Protection Guides.

of agromyzid fly damage typically only occur
within 4 weeks of soybean germination, correlating with the first two generations
of the fly only.

Females lay eggs in the stem below the cotyledon. In the lab, oviposition started
on the third day after adult emergence (Talekar and Lee, 1988). Larvae (Fig. 2)
emerge from eggs and feed on plant cortex under the stem epidermis (CPC
Report, 1997). The duration of the larval period (at 28°C) is 9 to 14 days (10.88
days on average). Considerable mortality has been observed in the egg and
larval stages. Up to 13 eggs per plant may be oviposited by O. centrosematis,
but an average of two larvae per plant reach the pupation stage. Pupation takes
place just below the epidermis at the root-shoot junction in the plant cortex.
Pupation ranged from 10 to 13 days in the laboratory (Talekar and Lee, 1988).

Adults emerge during the day (CPC Report, 1997). Temperature appears to play
a key role in controlling adult emergence. In the lab, adult males lived 6 to 24
days (15 days on average) and adult females lived 6 to 21 days (12 days on
average) (Talekar and Lee, 1988). Mating tends to occur between 0500 and
0800 hours. The pre-mating period lasts 2.5 days, pre-oviposition 3.5 days and
oviposition 12.2 days. Characteristic feeding scars are found in hypocotyls where
oviposition by O. centrosematis occurs. Other agromyzid flies (e.g., O. phaseoli
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and Melangromyza sojae) also make feeding punctures on foliage (Talekar and
Lee, 1988).

Pest Importance

O. centrosematis is a minor pest of most legumes in Asia and Africa. Damage
sometimes goes unnoticed in the presence of the more dominant O. phaseoli. In
Uttar Pradesh, India, however, O. centrosematis is a destructive pest of peas
(Pisum sativum). Singh et al. (1981) found that more than 95% of the damaged
plants die when the crop is planted during the first week of October. Plant
mortality is reduced in crops planted in November.

Centrosema pubescens in Java and Malaysia, and Calopogonium mucunoides in
Malaysia, are important cover plants for rubber plantations, which may be
effectively destroyed by O. centrosematis (Spencer, 1973).

On soybean, O. centrosematis can be responsible for considerable yield loss
and, at times, high mortality (Talekar and Lee, 1988).

Symptoms/Signs

Adults are active during the day and feed exclusively on legume plants. Larvae
feed inside the stem cortex, below the cotyledons, resulting in destruction of the
cortex tissue and an accumulation of frass. Larvae can be seen feeding in
tunnels inside the stem when the stem is split open. Pupae are found in the same
layer but at the root-shoot junction. In severe cases, the plant looks wilted and
eventually dies. Adults make oviposition and feeding punctures in the hypocotyl,
but these punctures are very small and barely seen by the naked eye. Plants are
often yellow and stunted. Stems are often thicker than normal and cracked
lengthwise just above the soil line. In cases of heavy infestation, many plants
may die.

Known Hosts
O. centrosematis appears to be restricted to the legumes (Fabaceae) (AVRDC
Crop Protection Guides, 2001).

Major Host:

Glycine max (soybean), Centrosema pubescens (Centro), Crotalaria pallida
(smooth crotalaria), Phaseolus vulgaris (common bean), and Pisum sativum
(pea) (CPC Report, 1997).

Minor Hosts:

Cajanus cajan (pigeon pea), Calopogonium, Lablab purpureus (hyacinth bean),
Macrotyloma uniflorum (horsegram), Medicago sativa (alfalfa), Phaseolus lunatus
(lima bean), Pueraria, Tephrosia candida (hoang pea), Vigna angularis (adzuki
bean), Vigna mungo (black gram), Vigna radiata (mung bean), and Vigna
unguiculata (cowpea) (CPC Report, 1997).
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O. centrosematis completed a full life cycle on the following plants in a laboratory
setting: soybean, mungbean, snapbean, adzuki bean, cowpea, pigeonpea,
horsegram, and alfalfa (Talekar and Lee, 1988).

Known Distribution

O. centrosematis is localized in China, Australia and India. It is widespread in
Taiwan and Indonesia. It is reported as present in Japan, Malaysia, Thailand,
Kenya, Malawi, Tanzania and Uganda.

Potential Distribution Within the US
Information is not available at this time.

Survey

All beanflies prefer to feed on young plants. Larvae feed in plant cortex just under
stem epidermis. Since feeding is internal, cut the main stem just above the soil
line, open and look for mining and the small white maggot (larva) (AVRDC Crop
Protection Guides, 2001). Damage to soybean by O. centrosematis is often
confused with that of O. phaseoli, another cortex-feeding agromyzid fly often co-
occurring with O. centrosematis (Talekar and Lee, 1988; Talekar and Huang,
1993).

Key Diagnostics

The larva is a small white maggot with a brown head. The adult is a tiny black fly
with transparent wings, about 4 the size of a common housefly (AVRDC Crop
Protection Guides, 2001).
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Ophiomyia phaseoli

Scientific Name
Ophiomyia phaseoli Tryon

Synonyms:
Agromyza destructor, Agromyza fabalis, Agromyza phaseoli, Melanagromyza

phaseoli, Melanagromyza similes, Oscinis fabae, Oscinis phaseoli

Common Name(s)

Bean fly, agromyzid fly, bean stem maggot, french bean fly, french bean miner,
katjang fly, legume root miner, pea stem agromyza, pea stem fly, pea stemborer,
snapbean fly, soybean miner, stemborer

Type of Pest
Fly

Taxonomic Position
Class: Insecta, Order: Diptera, Family: Agromyzidae

Reason for Inclusion in Manual

NATIONAL
THREAY

Pest Description

The egg is oval, milky white,
opaque or translucent measuring
0.30 to 0.39 mm long and 0.10 to
0.17 mm wide.

O. phaseoli larvae are cortex :
feeders and pupate in the cortex, 5

usually at the root-shoot junction.
Pupae can often be seen sticking
under the membranous
epidermis. In all host plants,
oviposition takes place in
unifoliate or early trifoliate leaves.

Figure 1. Adult O. phaseoli, male (left) and
female (right). Photo by James Litsinger
(CABI, 2004)
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O. phaseoli pupae are barrel-shaped. The cephalic end is somewhat pointed and
the posterior end is slightly rounded. There are twelve visible segments. When
newly emerged, pupae are yellow with a brownish tinge and with distinctly darker
ends. The segments are well defined and the anterior and posterior spiracles are
black. Shortly before adults emerge, the puparia become dark brown. Puparia
measure from 2.02 to 2.30 mm long and 0.81 to 1.05 mm wide (CABI, 2004).

Average adult fly measurements are 2.07 mm long and 4.97 mm wide, including
wing expanse. Females are slightly bigger than males (Fig. 1). Females are 1.88
to 2.16 mm long and 0.70 mm wide at the thorax, with a wing expanse of 4.45
mm. In males, the body is 1.60 to 1.84 mm long and 0.60 mm wide at the thorax,
with a wing expanse of 3.80 mm.

Biology and Ecology:

Fertilized O. phaseoli females are most active on warm clear days. They are
active fliers and seek tender leaves on the host plant for oviposition. Adults show
a distinct preference for younger legume hosts for oviposition and feeding. They
tend to lay eggs during the morning hours on the upper side of the leaves, often
near the midrib close to the petiole. The eggs are inserted between the epidermis
and spongy parenchyma. In all legume host plants, O. phaseoli lays eggs in the
leaves, especially the unifoliate leaves. However, a biotype of this species found
on soybean in Indonesia oviposits in cotyledons in addition to unifoliate leaves
(CABI, 2004).

Between 10 and 15% of leaf punctures contain eggs; remaining punctures are
made by adults while feeding on plant sap. The number of eggs laid per female
varies considerably. In common bean (Phaseolus vulgaris), the females lay a
lifetime average of 94 eggs (range 16 to 183). Females lay a lifetime average of
77 eggs in cowpea. The oviposition period begins 3 to 4 days after adult
emergence and continues for 10 to 15 days. The incubation period of the eggs
varies from 2 to 4 days, depending upon temperature.

The eggs may hatch at any time of the day. O. phaseoli undergoes three larval
instars. The newly hatched, pale, yellowish-white first-instar larvae remain
motionless for 1 to 2 hours before feeding. The first instar feeds mainly in leaf
blade tissue before entering the midrib and eventually entering the stem. The first
larval stadium lasts from 1.7 to 2 days with a mean of 1.9 days. Second-instar
larvae initially still feed inside the midrib but soon enter the petiole and usually
molt into the third instar at the petiole stem junction. The duration of second
instar lasts from 2 to 2.4 days. The third instar feeds voraciously in the stem just
beneath the epidermis. In young seedlings, the larvae may feed as low as the
roots, but in most cases feeding only extends to just below the soil surface. The
duration of the third instar varies from 4.5 to 5.5 days (mean of 4.7 days) in
common bean and 3 to 4 days (mean of 3.33 days) in cowpea. Before pupation,
the fully grown larvae cease feeding for 6 to 10 hours and construct a
semicircular hole in the epidermis for the emerging adults to escape from the

69



Ophiomyia phaseoli Flies Arthropod Pests
Bean fly

pupae. The prepupal period lasts 1.5 to 2 hours. The freshly formed pupae
become opaque (CABI, 2004).

The site of pupation varies depending upon the stage and condition of the host
plant. During the seedling stage, pupation normally takes place beneath the
epidermis of the stem, near the soil surface. In the later stages of the host plant,
pupation can take place at the junction of the leaf lamina and petiole. In some
instances, pupation is observed in the midrib of the leaflet. Pupal period varies
according to temperature. It is reported that below 22 °C, the pupation period
ranged from 11 to 14 days. At 28°C, the prepupal period shortened to 10 to 12
days, and at 32°C, the pupal period lasted 8 to 9 days.

Fully developed adults emerge from the puparia via a transverse T-shaped slit or
a crack made by the ptilinum. Immediately after emerging, the soft bodied and
unpigmented adults remain motionless while the wings unfold and the
exoskeleton hardens and darkens. The adults attain a metallic black color after
about an hour. The adults fly about 4 to 5 hours after emergence.

Adult females live for 23 to 42 days and males for 31 to 38 days under undefined
laboratory conditions. If no food is provided, they die in 2 to 3 days, while a
second study reported a much shorter adult longevity; 7.13 + 2.39 and 15.42
3.78 days, respectively, for males and females under laboratory conditions. The
life span averaged 49 hours for starved flies, 94 hours for flies provided with
water only, and 212 hours for flies provided with glucose solution (CABI, 2004).

Adults feed on three general food sources: water droplets on the leaves, natural
secretions of plants, and host-plant sap exuding from feeding and ovipositional
punctures made on the leaves. Adults start mating after an average pre-mating
period of 18 hours. Copulation takes place only during the day and lasts from 4 to
94 minutes, with an average of 18.5 minutes under laboratory conditions.
Duration of copulation is between 1 and 2 hours, usually occurring on the upper
surface of the leaves. Males and females mate several times during their life.

In Java, Indonesia, the maximum number of generations of O. phaseoli per year
is 14, while in the Philippines and in Australia there are between 9 and 11
generations per year. In India, 8 to 9 generations occur between July and the
following April and in Egypt, there were 10 to 12 generations per year (CABI,
2004).

Life-table studies found that in common bean (Phaseolus vulgaris) the
differences in the initial number of eggs laid was not great among four or five
observations, but that the total survival rate from eggs to adults was season
dependent. The survival rate was much higher in summer (14 to 20%) than in
winter (3 to 6%) or spring (8%). The location of puparia within the host plant
during different seasons appeared to cause this variation. In summer, pupation
takes place in the lower part of the stem or beneath the soil; in winter it occurs in
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the upper part of the stem. Such seasonal changes in the site of pupation affect
parasitism by pupal parasites, especially Pteromalids; summer pupae suffer
much less from pupal parasitism.

Pest Importance

In tropical to subtropical Asia, O. phaseoli remains a destructive pest of most
food legumes, particularly common bean, cowpea, mungbean, blackgram, lima
bean and soybean (at least in Indonesia). The nature of the extent of O. phaseoli
damage in different hosts varies from crop to crop and season to season. In
general, however, plants are more seriously damaged in the seedling stage than
later stages. The consequences of insect attack in the seedling stage, if the plant
survives, are manifested in the older plants. In general, the yield during the rainy
season is much less than in the dry season. In Java, Indonesia, in 30
observations at Bogor, up to 100% of common bean plants were damaged, with
high plant mortality and yield loss. In Tanzania, the yield loss ranges from 30 to
50%. In New South Wales, Australia, it was impossible to grow common bean,
indicating thereby 100% plant damage and total yield loss if plants are not
adequately protected. In Taiwan, O. phaseoli causes 35% yield loss in common
bean (CABI, 2004).

In Indonesia, a biotype of O. phaseoli attacks soybean. Whereas in the rest of its
range, O. phaseoli lays eggs in the leaves of host plants, in Indonesia the biotype
lays eggs in soybean cotyledons soon after these plant parts emerge above
ground. Larvae, after initial feeding in cotyledons, enter the stems and in most
cases kill the soybean plant. The extent of damage and subsequent yield loss
varies from season to season. In dry seasons (June to October) the plant
mortality can be 80%, compared to 13% in the wet season (November to April).
O. phaseoli causes very little if any loss in soybean crops in the rest of its range.

Symptoms/Signs

The most serious damage by
adults occurs when plants
are at the unifoliate stage.
The unifoliate leaves show a
large number of feeding and
oviposition punctures on the
upper side with
corresponding light yellow
spots, especially on the
basal portion of the leaf. The
first and second trifoliate
leaves show some egg %
holes, but leaves situated i VOl |
above this are practically Figure 2. Cowpea foliage with severe damage,
undamaged. Larval feeding infested leaves become blotchy and later hang
soon after hatching produces down. Photo courtesy of CABI, 2004.
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numerous larval mines, which are better seen on the underside of the leaves just
under the epidermis and appear as silvery, curved stripes. On the upper side of
the leaf, only a few tunnels are visible. Later, both egg holes and larval mines
turn dark brown and are clearly visible. In cases of severe attack, infested leaves
become blotchy and later hang down (Fig. 2). These leaves may dry out and may
even be shed. When mature plants become infested, insect damage is confined
to the leaf petioles, which become swollen and at times the leaves may wilt
(CABI, 2004).

The developing second and third instar larvae mine downward into the cortex just
underneath the epidermis. The third instar continues to feed downwards into the
tap root and returns to pupate still inside the stem, close to the soil surface. The
feeding tunnels are clearly visible on the stems (Talekar, 1990). If the O. phaseoli
larvae population is high, larval feeding leads to destruction of the cortex tissue
around the root-shoot junction. This initially leads to yellowing of the leaves,
stunting of plant growth and even plant mortality. If the damage is less severe,
the root-shoot junction area appears swollen. In some cases, the host plant
produces adventitious roots above this swollen area on the stem.

In Indonesia, where a biotype of O. phaseoli attacks soybeans soon after
emergence, larval tunnels in cotyledons are clearly visible (Talekar, 1990). Later,
damaged cotyledons turn yellow and are shed. In most cases, the plant is killed
within 10 to 15 days of emergence.

Known Hosts

Major Hosts

Fabaceae (leguminous plants), Phaseolus (beans), Phaseolus vulgaris (common
bean), and Vigna radiata (mung bean)

Minor Hosts

Cajanus cajan (pigeon pea), Crotalaria juncea (sunn hemp), Crotalaria pallida
(smooth crotalaria), Glycine max (soybean), Lablab purpureus (hyacinth bean),
Macrotyloma uniflorum (horsegram), Medicago sativa (alfalfa), Phaseolus lunatus
(lima bean), Pisum sativum (pea), Psophocarpus tetragonolobus (winged bean),
Vigna aconitifolia (moth beans), Vigna angularis (adzuki bean), Vigna mungo
(black gram), Vigna sinensis ssp. sesquipedalis (asparagus bean), and Vigna
unguiculata (cowpea)

Wild hosts
Cyamopsis tetragonoloba (clusterbean), Mucuna pruriens (Buffalobean),
Phaseolus coccineus (runner bean), and Phaseolus lathyroides (Phasey bean)

Known Distribution

Present in 50 countries on all seven continents including Bangladesh, Brunei
Darussalam, China, India, Indonesia, Iran, Israel, Japan, Jordan, Laos, Malaysia,
Myanmar, Nepal, Pakistan, Philippines, Saudi Arabia, Singapore, Sri Lanka,
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Thailand, Vietnam, Burundi, Congo Democratic Republic, Egypt, Ethiopia,
Kenya, Libya, Madagascar, Malawi, Mali, Mauritius, Nigeria, Reunion, Rwanda,
Senegal, South Africa, Sudan, Tanzania, Uganda, Zambia, Zimbabwe, U.S.,
Australia, Belau, Federated States of Micronesia, Fiji, Guam, Northern Mariana
Islands, Papua New Guinea, Samoa, and the Solomon Islands (CABI, 2004)

Potential Distribution Within the US
Present in Hawaii but not reported in the continental U.S.

Survey

Adults of O. phaseoli are extremely agile and will fly when slightly disturbed.
They remain stationary only while laying eggs, usually at the basal portion of the
leaves. Eggs are confined to unifoliate and early trifoliate leaves. Eggs of one
biotype in Indonesia can be found in cotyledons, but only on soybean plants.
Upon cutting the stem open, a brown or dark feeding area of damaged tissue can
be seen just underneath the epidermis. This portion will contain both larvae and
pupae (CABI, 2004).

Key Diagnostics

Identification of adults of O. phaseoli in the field is difficult, because they do not
cause significant damage. Adults are agile and thus difficult to observe in the
field and, to an inexperienced person, they can be easily confused with adults of
other agromyzid species. At least two other species of agromyzids, O.
centrosematis and Melanagromyza sojae, attack most economically important
legumes simultaneously with O. phaseoli. For practical purposes, it is much
easier to identify O. phaseoli and other agromyzids by observing larvae and
pupae. Besides morphological differences, their feeding and oviposition sites
within the host plants give a fairly accurate idea of their identity (CABI, 2004).

Both larvae and pupae can be identified by observing their spiracles. In both
stages anterior spiracles are small, with a circle of six minute bulbs. Posterior
spiracles closely adjoin on the conical projections, usually with about 10 minute
bulbs. Puparia are pale yellow, straw colored or light brown.
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Rivellia quadrifasciata

Scientific Name
Rivellia quadrifasciata Macquart

Common Name(s)
Soybean nodule fly

Type of Pest
Fly

Taxonomic Position
Class: Insecta, Order: Diptera, Family: Platystomatidae

Reason for Inclusion in the Manual

ENDEMIC
PEST

Pest Description
Adults (Fig. 1) are small clear-
winged flies (3.6 to 6.4 mm long),
with four transverse black bands
across each wing, oval reddish
brown head, dark brown or black
thorax, and rusty red abdomen.
Eggs are cylindrical with pointed
ends, chalky to creamy white in
color, and 1.0 x 0.3 mm in size.
Larvae (Fig. 2A) are small (8.0 x
1.4 mm) white maggots that live
in the soil. The pupae (Fig. 2B)
are russet to mahogany in color,
and 4.8 x 1.6 mm in size. Figure 1. Adult fly of Rivellia quadrifasciata.
Photo courtesy of J. W. Van Duyn.

Biology and Ecology

Larvae of R. quadrifasciata

overwinter as a last-instar in the soil beneath soybean stubble. Most larvae are
found 10.2 to 15.2 cm below the soil surface (Koethe, et al., 1986). Larvae can
move vertically in the soil, but their horizontal displacement is minimal. Pupae
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develop as temperature increases in the spring. Adult emergence begins in May
and continues into July, but they peak in late June and early July (Koethe, et al.,
1986). Generally, adults of R. quadrifasciata are present in soybean fields from
May through October. Adults are diurnal and mating can take place on larval host
plants, as well as on non- host plants. Eggs are oviposited in the soil and in crop
residue around the bases of potential larval host plants. Most eggs are oviposited
within 2 mm of the soil surface, but they can be found in deeper zones if females
enter soil cracks and crevices (Koethe and Van Duyn, 1988).

Figure 2. Larvae (A) and Pupae (B) of Rivellia quadrifasciata. Photos courtesy of J.
W. Van Duyn.

Adults of R. quadrifasciata feed on a variety of foods, including carrion,
honeydew, bird droppings, insect frass, nectar and other carbohydrate sources.
Females are mostly attracted to proteinaceous food sources, such as, carrion,
meat and dead insects, while both males and females are attracted to honeydew
and nectar (Koethe and Van Duyn, 1989). There are no control strategies for
soybean nodule fly available, because it is not thought to significantly impact
soybeans yields.

Pest Importance

The soybean nodule fly is a fairly common insect. Its potential importance as an
economic pest was realized only when it was discovered that the larvae feed on
soybean nodules (Eastman and Wuensche, 1977). In studies with potted plants,
nodule damage by chewing insects has shown to stimulate root growth and
branching, as well as reduced seed yield. Presumably, high populations of
nodule fly maggots could reduce yield, especially under high yield conditions
where the demand by plants for nitrogen is great. Severe infestations may
produce symptoms of nitrogen deficiency (Van Duyn, 2004).

Symptoms

Symptoms caused by R. quadrifasciata are not easily visible. All damage occurs
below ground. Upon hatching, larvae feed on and destroy the nitrogen fixing
nodules of the soybean plant; damaged nodules appear hollowed-out (Van Duyn,
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2004). Studies with R. quadrifasciata and other Rivellia species suggest that
nodules may be essential for larval development.

Known Hosts

Larvae of flies of the genus Rivellia are known to feed on the nitrogen-fixing root
nodules of legumes including: soybean, peanut, beans, peas, and other
cultivated and wild beans (Koethe and Van Duyn, 1984). Several species,
notably R. quadrifasciata, have been reported to be in transition from wild to
cultivated plants and have acquired importance as pests of soybean, Southern
pea, and Vigna unguiculata, in the southeastern U.S.

Known Distribution

Rivellia quadrifasciata is a New World species. It is reported to be common in the
eastern states of the U.S. (Namba, 1956). Its distribution in all the major
soybean-producing states needs to be documented.

Survey

Adults of R. quadrifasciata can be monitored by using traps. These include:
sticky-traps, pitfall traps, sweeping nets, and others (Koethe, et al., 1986; Koethe
and Van Duyn 1989). Koethe and Van Duyn (1989) reported that fruit, ethylene
glycol and soap water baits caught few flies unless meat was added. Traps
baited with meat or dead insects trapped only females. Vertically placed meat-
baited jar traps and sticky traps showed a contrasting distribution of both males
and females within and above the soybean canopy, but catches of females were
not influenced by male distribution. Females were active near the soil surface,
whereas males tended to concentrate within or above the plant canopy. Sticky
traps caught both males and females and appeared to be as effective as bait
traps for females.

Key Diagnostics

Adults of soybean nodule fly (Fig. 1) can be found flying in the canopy of
soybean plants. They are small clear-winged flies (3.6 to 6.4 mm long), and
typically have four transverse black bands across each wing, rusty red abdomen,
oval reddish brown head, and dark brown or black thorax.
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Mealybugs
Maconellicoccus hirsutus

Scientific Name
Maconellicoccus hirsutus Green

Synonyms:
Maconellicoccus pasaniae, Maconellicoccus perforatus, Paracoccus pasaniae,

Phenacoccus glomeratus, Phenacoccus hirsutus, Phenacoccus quaternus
Pseudococcus hibisc, Spilococcus perforatus

Common Name(s)
Pink hibiscus mealybug, hibiscus mealybug, hirsutus mealybug, pink mealybug

Type of Pest
Mealybug

Taxonomic Position
Class: Insecta, Order: Homoptera, Family: Pseudococcidae

Reason for Inclusion in Manual
EASTERN
REGIONAL
THREAT

Pest Description

Eqggs: Freshly laid eggs of the pink hibiscus
mealybug (PHM), Maconellicoccus hirsutus,
are orange but become pink before they hatch.

Larvae: Crawlers (0.3 mm long) are pink.
Immature females and newly matured females

have grayish-pink bodies dusted with mealy Figure 1. Eggs of M.
white wax (Fig. 2) hirsutus. Photo courtesy of

Marshall Johnson,

) . Department of Entomology,
Adult Females: The adult female is 2.5 to 4 University of Hawaii at

mm long, soft-bodied, elongate oval and Manoa.
slightly flattened (Fig. 2); on maturation, she
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begins to secrete sticky, elastic, white wax filaments from her abdomen to form a
protective ovisac for her eggs. As her pinkish-grey body fills with salmon-pink
eggs, it assumes a pink color, but this is often not immediately visible because
the entire colony tends to become covered by white, waxy ovisac material. When
the sticky ovisac wax is parted with a needle, clusters of pink eggs and pink to
grey females become visible. On microscopic examination of slide-mounted
females, the combination of 9-segmented antennae, anal lobe bars, numerous
dorsal oral rim ducts on all parts of the body except the limbs and long, flagellate
dorsal setae make the species fairly easy to recognize in parts of the world
where other Maconellicoccus species do not occur (CABI, 2004).

Adult Males: Males have one pair of very simple wings, long antennae, white wax
filaments projecting posteriorly (Fig. 3) and lack mouthparts.

Biology and Ecology

Local movement of M. hirsutus occurs at the first
instar (crawler) stage. Crawlers are very small
(0.3 mm long), light, and can survive a day or so
without feeding. They cannot walk far by
themselves, but are ideally suited to transport by
water, wind and animal agents, including
domestic animals and man. Misra (1920)
recorded transport of M. hirsutus by nymphs of
another mealybug species (Ferrisia virgata) in
India. Accidental introductions to new countries

i K
Figure 2. Various stages in the

apparently occur via infested plant material. life cycle of the pink hibiscus
mealybug (adult female (arrow)
Once the crawler settles at a feeding site, and offspring. Photograph

development continues; there are three instars in  courtesy of Dale Meyerdirk,
the female and four in the male. Crawlers settle APHIS.

in cracks and crevices, usually on new growth,
which becomes severely stunted and distorted.
Densely packed colonies develop in these areas;
Kairo et al. (2000) describe the symptoms in
detail. Reproduction is reported as mostly
parthenogenetic in Egypt and Bihar, India (CABI,
2004) In West Bengal, India, M. hirsutus is
recorded as being biparental and it seems likely
that populations in the West Indies are also
biparental (Williams, 1996). Males are reported
to have a pupal stage capable of locomotion
(Bartlett, 1978).

Figure 3. Adult male pink
hibiscus mealybug, Notice the
two long waxy ‘tails’. Photo

The life cycle has been studied in India (Mani, courtesy of Marshall Johnson,
1989). Each adult female lays 150 to 600 eggs Department of Entomology,
over a period of about one week, and these Universitv of Hawaii at Manoa.
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hatch in 6 to 9 days (Bartlett, 1978; Mani, 1989). A generation is completed in
about five weeks in warm conditions (Bartlett, 1978), although there are reports
of a generation time of as little as 23 days in the laboratory. In countries with a
cool winter, the species survives cold conditions as eggs (Bartlett, 1978) or other
stages, both on the host plant and in the soil (Pollard, 1995). There may be as
many as 15 generations per year (Pollard, 1995).

Infestations of M. hirsutus are often associated with attendant ants (Ghose,
1970), which collect sugary honeydew from the mealybugs. Ants recorded
attending M. hirsutus include Oecophylla spp., Iridomyrmex spp. and Solenopsis
spp. (Williams and Watson, 1998) in the Solomon Islands and Papua New
Guinea.

Pest Importance

Williams (1996) summarizes records of damage caused by M. hirsutus. Almost
all serious damage by the mealybug has been recorded between 7° and 30°
north latitude, where there are reports of seasonal differences in the incidence of
the pest. Direct feeding on young growth (stems, leaves and flowers) causes
severe stunting and distortion including crinkling of the leaves, thickening of
stems and a bunchy-top appearance of shoots; in severe cases the leaves may
fall. Honeydew and sooty mold contamination of fruit may reduce their value
(Garland, 1998). In India, stunted and distorted growth caused by M. hirsutus in
mulberry is known as Tukra disease (Rao et al., 1993) and is a problem in most
of the silk producing areas (Tewari et al., 1994). It has been suggested that
symptoms associated with M. hirsutus infestation may be due to a virus infection
on cacao in Zanzibar (de Lotto, 1967) and on mulberry in India (Tewari et al.,
1994).

Francois (1996) estimated annual losses in Grenada due to M. hirsutus damage
to crops and environment at US $3.5 million before biological control agents were
established. In the first few years of the mealybug problem in the Caribbean
islands, affected countries suffered serious loss of trade, because other countries
would not accept shipments of agricultural products from them (Peters and
Watson, 1999). In the period 1995 to 1998, Peters (1999) estimated the island's
overall losses and costs at US $8.3 million, of which the control program cost US
$1.1 million (Kairo et al., 2000). Overall losses and costs to St. Kitts in 1995 to
1997 were estimated by Francis (1999) at US $280,000, with an additional loss
of trade estimated at US $22,000. For St. Lucia, losses were estimated at US
$67,000 (Anon., 1999), and for St. Vincent and the Grenadines losses were
estimated at US $3.4 million (Edwards, 1999). If the mealybug were to spread
across the southern U.S., it is estimated that it could cause losses of US $750
million per year (Moffit, 1999).

Other crops seriously damaged by M. hirsutus include cotton in Egypt, with

growth sometimes virtually halted (Hall, 1921); tree and herbaceum cotton in
India, with reduction in yield (Dhawan et al., 1980; Muralidharan and Badaya,
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2000); the fiber crops Hibiscus sabdariffa var. altissima (roselle), H. cannabinus
(mesta) and Boehemeria nivea in West Bengal, India, and Bangladesh (Ghose,
1961, 1972b; Singh and Ghosh, 1970), with reduction in fiber yield of roselle;
grapes in India, with up to 90% of bunches destroyed in the Bangalore area
(Manjunath, 1985) and heavily infested bunches made unfit for consumption or
marketing (Vereesh, 1986); pigeonpea in India (Patel et al., 1990); Zizyphus
mauritiana in India (Balikai and Bagali, 2000); ornamental Hibiscus in Papua New
Guinea (Williams and Watson, 1988); and cacao in the Solomon Islands
(Williams and Watson, 1988) and Grenada (Pollard, 1995).

Experimental evidence suggests that Tukra-diseased leaves may be more
nutritious to silkworms than normal leaves (Ahamed et al., 1999).

In Grenada, severe devastation of natural habitats was seen, for example, in the
Grand Etang area where a stand of 38 ha of blue mahoe (Hibiscus elatus) was
destroyed (Peters and Watson, 1999; Kairo et al., 2000). This tree is dominant in
the natural rainforest; if such devastation had become widespread, the
watersheds and soils of the island would have been threatened (CABI, 2004).

In Grenada, where the infestation remained unchecked for over a year, the
mealybug extensively devastated amenity plantings and landscaped gardens in
hotels, resulting in serious losses to the tourist industry and people employed
therein. In addition, cash crops also produced little or no return for 1 to 2 years,
which impacted farming income and agricultural trade (Peters and Watson,
1999). Such damage has a major impact on small island economies.

Symptoms/Signs

The saliva that M. hirsutus injects into the host plant while feeding probably
contains a substance that is phytotoxic (Williams, 1996). Host-plants differ in their
susceptibility to the toxin (Fig. 4, 5, 6). The more tolerant species tend to be
infested at their growing points and in stem axils and infested new growth

| : e o ool oyt APHES
Figure 4. Hibiscus twig (left) and shrub (right) both heavily infested by pink
hibiscus mealybug. Photo courtesy of Dale Meyerdirk, APHIS
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becomes stunted, with reduced internode extension and leaf expansion. Stunted
stems may become swollen. In more sensitive plants, stunting is more marked
and new growth forms cabbage-like clusters (‘bunchy tops’, with the mealybugs
hidden in the creases of the growth (Fig. 5). In highly susceptible plants, even
brief probing of unexpanded leaves by crawlers causes severe crumpling of the
leaves when they subsequently expand, while established infestation can cause
total defoliation and even death of the whole plant. As the plant dies back from
the tips, the mealybugs migrate to healthy tissue, moving from shoot tips to twigs
to branches and finally down the trunk. In heavier infestations, white masses of
wax concealing mealybugs may occur in axils and on twigs and stems (Fig. 4, 6)
(CABI, 2004). Samanea saman is severely affected. Plant tissues are often
coated with sooty mold.

It should be noted that the mealybug Paracoccus marginatus causes very similar
damage on Hibiscus to that caused by M. hirsutus (Pollard, 1999).

Known Hosts

M. hirsutus is highly
polyphagous and has been
recorded feeding on hosts from
76 plant families (Ben-Dov and
German, 2003) and over 200
plant genera (Levy, 1996); it
shows some preference for
hosts in the families Malvaceae,
Leguminosae and Moraceae.
Mani (1989), Garland (1998),
Miller et al. (1998) and Ben-Dov
and German (2003) give
extensive host lists. When
introduced to tropical countries
in the absence of any natural Figure 5. ‘Bunchy top' damage. Photo
enemies, M. hirsutus attacks a courtesy of Ru Nguyen.

wide range of (usually woody)

plants including agricultural, horticultural and forest species. It has been recorded
attacking cotton and soybean, both annuals that are rarely attacked by
mealybugs (Williams, 1986). However, in the Caribbean it has only developed
seriously damaging populations on fewer than 20 host-plant species (Kairo et al.,
2000). If M. hirsutus spreads into the southern U.S. and southern Europe, it could
threaten crops like grapes and cotton (Williams, 1996). One of the most favored
hosts is Hibiscus rosa-sinensis. M. hirsutus can be reared in the laboratory on
pumpkins, particularly those varieties with creases in the skin (Japanese
pumpkin, Cucurbita moschata; acorn squash, Cucurbita pepo var. turbinata) and
on sprouting Irish potatoes (Mani, 1990; Meyerdirk, 1997; Serrano and Lapointe,
2002).
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Major hosts

Abelmoschus esculentus (okra),
Allamanda, Alpinia purpurata
(gingerlily), Annona spp., Artocarpus
(breadfruit trees), Averrhoa carambola
(carambola), Boehmeria nivea (ramie),
Bougainvillea, Cajanus cajan (pigeon
pea), Citrus, Glycine max (soybean),
Gossypium spp. (cotton), Hibiscus spp.,
Malpighia glabra (acerola), Manilkara
zapota (sapodilla), Morus spp.
(mulberry), Morus alba (mora), Musa x
paradisiaca (plantain), Passiflora edulis
(passionfruit), Persea americana
(ayocado), Sqmanea saman (rain tree), Figure 6. Maconellicoccus hirsutus on
Sida acuta (Sida), Spondias (purple Florida triema. Photo courtesy of Ru
mombin), Spondias purpurea, Tectona Nguyen.

grandis (teak), Theobroma cacao

(cocoa), and Vitis vinifera (grape).

ey —~

M. hirsutus forms dense colonies in cracks and crevices. The severe distortion of
new growth caused by the mealybug on many hosts, creates a microhabitat for
them (Ghose, 1972a; Beardsley, 1985). These colonies can be difficult or
impossible for natural enemies to reach, especially coccinellid predators (CABI,
2004).

Known Distribution

M. hirsutus is probably native to southern Asia (Williams, 1996) and has been
accidentally introduced to other parts of the world. The pest is widespread in
Asia, Africa, and in Central America. The most recent introductions were in North
America (California, Florida and Mexico) and the Caribbean. It has spread to
more than 25 territories and is still extending its range (Kairo et al., 2000). It
occurs as far north as Lebanon, so there is no reason why it should not be able
to colonize the southern U.S., southern Europe and parts of the Middle East
where it is not yet known to occur (CABI, 2004).

Potential Distribution Within the US
The pest is present in California, Florida and Mexico. There is no reason why it

should not be able to spread and colonize states in the southern U.S. (CABI,
2004).

Survey

Examine plant material, especially growing tips, for distorted, stunted, bunchy
growths containing white woolly wax, tiny salmon-pink eggs, and sooty mold or
sticky honeydew. The honeydew produced may attract attendant ants. The entire
mealybug colony tends to become covered by white, sticky, elastic, woolly, wax
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ovisac material. When the sticky ovisac wax is parted with a needle, clusters of
pink eggs and pink to grey females become visible. In heavier infestations, white
masses of wax concealing mealybugs may occur in axils and on twigs and
stems. Good light conditions are essential for examination; in poor light, a
powerful flashlight is helpful. One of the most common and favored hosts of M.
hirsutus is Hibiscus rosa-sinensis; this is a good host to monitor for early
detection of the arrival of the pest (CABI, 2004).

Key Diagnostics

In parts of the world where other species of Maconellicoccus do not occur, slide-
mounted adult females of M. hirsutus are fairly easy to recognize. Examination of
slide-mounted material is advisable because some other species of mealybug
are similar to M. hirsutus in appearance and damage caused, for example,
Phenacoccus solenopsis and Paracoccus marginatus. P. marginatus differs from
M. hirsutus in the field by having yellow body contents, not pink. When preserved
in 80% alcohol, specimens of P. marginatus turn black in a matter of days,
whereas M. hirsutus remain brown.
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Mites

Eutetranychus africanus

Scientific Name
Eutetranychus africanus Tucker

Synonyms:
Anychus africanus, Eutetranychus cendani, Eutetranychus sambiranensis,

Common Name(s)
African red mite

Type of Pest
Mite

Taxonomic Position
Class: Arachnida, Order: Acarina, Family: Tetranychidae

Reason for Inclusion in Manual

NATIONAL
THREAY

Pest Description

The body of the female mites is 0.3 to
0.4 mm long and 0.3 mm wide, dark red
or brown close to black in color. It has a
round to oval shape. The male is light
brown and slightly smaller than the
female. The front side is widest and the
back side rather pointed. Body length is |
about 0.3 to 0.4 mm and the width about |
0.3 mm. Dorsocentral setae short, i
spatulate to subspatulate; tibia Il with 6
setae; coxa Il with 2 setae; spermatheca ' o
rounded. Figure 1. Adult stages of Eutetranychus
africanus. Photo courtesy of
1704Hhttp://www.ipmthailand.org/en/Pes
ts/African_red mite.htm

Biology and Ecology
Mating starts as the male finishes
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molting and becomes an adult. The male will start looking for a third instar larva
female, and once found will wait for the final molting of the female. Mating then
takes place immediately, and 1 to 2 days after mating the female will start to
produce eggs.

The development of both the males and females takes about 9 days, including
about 5 days for the egg stage and around 1.5 days for each of the 3 larval
instars. Males live only for 1.5 days and females live for approximately 8 days,
during which time the females lay on average 14 eggs.

Pest Importance

E. africanus was the most important pest mite on Ziziphus mauritiana in
Thailand. E. africanus also affects growth of papaya in Thailand if not controlled
(Childers, 2006).

Symptoms/Signs

The African red mite sucks leaf phloem at the upper surface of leaves. The pest
multiplies rapidly during hot and dry weather conditions. The infested leaves
show whitish spots where the mites have fed. Heavy infestations produce
numerous fine stippled areas on the leaves causing them to drop prematurely
without turning brown. The leaves become pale and lack a glossy green color like
normal leaves. The trees can tolerate quite a number of mites, but heavy
infestations may result in leaf shedding, which will affect the development of
flowers and fruits.

Known Hosts

The African red mite can be found on a wide range of hosts including: durian,
papaya, tangerine, pomelo, lime, leech lime, Citrus sinensis, jackfruit, breadfruit,
horse-radish, cassava, cotton, soybean, cowpea, castor bean, watermelon,
garden pea, and hibiscus.

Known Distribution

The African red mite is an important pest of durian in Thailand, especially during
the cool season (late October to early March). The pest has also been reported
from Burma, Comoros, Egypt, India, Madagascar, Mauritius, Mozambique,
Papua New Guinea, Reunion, and South Africa.

Potential Distribution Within the US
Information is not available at this time.

Survey

Mites are small and are hardly visible to the naked eye appearing as small
reddish or brown dots on the leaf surface. An easy way to observe them is
shaking an infested leaf above a sheet of white paper. Use a small hand lens to
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observe their behavior on the leaves. Be sure to check leaves that have the
stippling effect of mite feeding.

Key Diagnostics

The small size of mites makes it difficult for farmers or field workers to recognize
them. Inexperienced observers may easily confuse mites with other small
animals that live on the leaves, such as thrips. Correct identification is also
important, because not all mites are pests. Several predatory mites can be found
on the leaves as well, and these are beneficial as natural enemies of the red
mites.
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Eutetranychus orientalis

Scientific Name
Eutetranychus orientalis Klein

Common Name(s)
Citrus brown mite, oriental mite, oriental red mite, oriental spider mite

Type of Pest
Mite

Taxonomic Position
Class: Ararchnida, Order: Acarina, Family: Tetranychidae

Reason for Inclusion in Manual

CAPS
TARGET

Pest Description
Eggs: The eggs of E. orientalis are oval or circular (Fig. 1) and flattened, coming
to a point dorsally but lacking the long dorsal stalk of other spider mites. Newly

laid, the eggs are bright and hyaline, but later they take on a yellow, parchment-
like color (Smith-Meyer, 1981).

Figure 1. Eggs (left) and adult (right ) E. orientalis. Photos
courtesy of Pedro Torrent Chocarro.

Larvae: Average size of the larva of E. orientalis is 190 x 120 ym. The
protonymph is pale-brown to light-green, with legs shorter than the body, average
size 240 x 140 ym. The deutonymph is pale-brown to light-green, average size
300 x 220 pm.
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Adults: Adult female E. orientalis are broad, oval and flattened. They vary in
color from pale brown through brownish-green to dark green with darker spots
within the body. The legs are about as long as the body and yellow-brown (Fig. 1,
2). Average size is 410 x 280 ym.

Adult male E. orientalis are much smaller than the
females. They are elongate and triangular in W e
shape with long legs (leg about 1.5 x body length). e
The body setae are short and cannot be seen with R Ny S
a 10x lens (Dhooria and Butani, 1984; Smith- ==

Meyer, 1981).

Identification requires examination of cleared and 2 2
mounted female specimens by transmitted light iy
microscopy. Diagnostic descriptions are given by 17\
Jeppson et al. (1975) and Smith-Meyer (1987).

E. orientalis has the following combination of \
characters: striae on the prodorsum longitudinal # E
and tuberculated; striae between the second

(d/sub/1) and third (e/sub/1) dorsocentral setae Figure 2. Eutetranychus
longitudinal or V-shaped; the 13 pairs of dorsal orientalis. Drawing courtesy of
body setae all arise from basal tubercles and vary ~ CSIRO Entomology, Australia.
in length and shape; dorsolateral setae on the

body (c2), (d2), (e2), (f2), are long, lanceolate and subspatulate or broadly
spatulate; dorsocentral setae (c1), (d1), (e1), (f1), (h1) short and spatulate or
lanceolate or subspatulate; first pair of dorsocentral setae (c1), first pair of dorsal
lateral setae (c2) and humeral setae (c3) all more or less in line; third (e1) and
fourth (f1) dorsocentral setae form a square; terminal sensillum (spinneret) of
palptarsus three times as long as broad; coxa Il with one seta; tactile setal
formulae (I-1V): femora 8-6-(3-4)-(1-2), genua 5-5-2-2, tibiae 9-6-6-7;
chromosome number (n)=3.

Pest Importance

E. orientalis is generally regarded as an important pest of citrus. In India, of the
seven species reported as pests on citrus, only E. orientalis was reported as a
major pest in all areas (Dhooria and Butani, 1984).

Symptoms/Signs

E. orientalis begins feeding on the upper side of the leaf along the midrib and
then spreads to the lateral veins, causing the leaves to become chlorotic. Pale
yellow streaks develop along the midrib and veins. Little webbing is produced. In
heavier infestations, the mites feed and oviposit over the whole upper surface of
the leaf. Very heavy infestations on citrus cause leaf fall and die-back of
branches, which may result in defoliated trees. Lower populations in dry areas
can produce the same effect.
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Known Hosts

The primary host of E. orientalis is Citrus spp. Other hosts include Prunus
persica (peaches), Pyrus spp. (pears) , Plumeria spp., Cydonia oblonga
(quinces), Ricinus communis, Glycine max (soybeans), Helianthus annuus
(sunflowers), Ipomoea batatas (sweet potatoes), Eichhornia crassipes (water
hyacinth), Citrullus lanatus (watermelons), and over 50 other plant species. In
China, E. orientalis attacks Alstonia glaucescens.

Major hosts

Abelmoschus esculentus (okra), Carica papaya (papaw), Citrus spp., Codiaeum
variegatum (croton), Ficus carica (common fig), Gossypium spp.(cotton), Morus
alba (mora), Nephelium lappaceum (rambutan), Plumeria (frangipani), Ricinus
communis (castor bean), Solanum melongena (eggplant)

Minor hosts

Manihot esculenta (cassava), Musa x paradisiaca (plantain), Olea europaea
subsp. europaea (olive), Prunus dulcis (almond), Psidium guajava (common
guava)

Known Distribution

Asia: Afghanistan, Bangladesh, China, India, Iran, Israel, Japan, Jordan,
Lebanon, Pakistan, Philippines, Thailand, Turkey, Yemen, Europe: Cyprus,
Spain, Africa: Cape Verde, Egypt, Kenya, Malawi, Mauritania, Mozambique,
Nigeria, Senegal, South Africa, Sudan, Swaziland, and Oceania: Australia
(CABI, 2004).

Potential Distribution Within the US
No information available at this time.

Survey

The presence of E. orientalis can be detected by discoloration of the host leaves
and pale-yellow streaks along the midribs and veins. Adult females are larger
than the males. They are oval and flattened and are often pale brown through
brownish-green to dark green

Key Diagnostics
Information is not available at this time.
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Tetranychus kanzawai

Scientific Name
Tetranychus kanzawai Kishida

Synonyms:
Tetranychus hydrangeae

Common Name(s)
Kanzawa spider mite

Type of Pest
Mite

Taxonomic Position
Class: Arachnica, Order: Acarina, Family: Tetranychidae

Reason for Inclusion in Manual

NATIONAL
THREAT

Pest Description

Adult (Fig. 1) females are carmine. Body 519 uym long,
313 wide. Terminal sensillum on palptarus less than 1.5
times as long as wide. Lobes of dorsal striae are taller
than wide. The tibia of leg | has 9 tactile setae and that
of leg Il has 7. For identification and detailed
description, see Wang (1981) and Tseng (1990).

Pest Importance

T. kanzawai is a major pest of tea, eggplant (Solanum
melongena) and other crops in Japan and southern
China. Wang (1981) reported that it caused serious
damage to cherries in China. This species is an

Figure 1. Adult T.
kanzawai. Photo
courtesy of

1703Hhttp://ps85.n
ises.affrc.go.jp/~hi

important pest of eggplant in Taiwan (Ho and Chen, nomoto/mites/tetra
1992). It was recently recorded on cassava in Congo nychidae.htm|

(Gutierrez and Bonato, 1994) and in the Philippines
(Villacarlos and Vasquez, 1988).
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The cost of chemical control of T. kanzawai on strawberries in Taiwan exceeds
US $233/hectare (Chang and Huang, 1995).

Symptoms/Signs

T. kanzawai mites and webbing are often found on the under surface of the
leaves. Damaged leaves have yellowish spots. Heavily infested leaves may
become yellow and dry.

Known Host

Arachis hypogaea (peanut), Camellia sinensis (tea), Citrus spp., Fragaria
ananassa (strawberry), Glycine max (soybean), Humulus lupulus (hop), Malus
domestica (apple), Morus alba (mora), Prunus avium (sweet cherry), Prunus
persica (peach), Pyrus communis (European pear), Solanum melongena
(eggplant), Vitis vinifera (grape)

Known Distribution
Tetranychus kanzawai is found in Asia, Africa, and Oceania. In North America, it
is recorded in Mexico (EPPO, 2005).

Potential Distribution Within the US
No information is available at this time

Key Diagnostics

The barb of the aedeagus in T. kanzawai is very similar to that of T.
cinnabarinus, but it is larger with a rounded anterior portion and acutely angled
posterior portion.

No morphological differences can be found between T. kanzawai and T.

hydrangeae, which were recently synonymized by Navajas et al. (2001) using
ribosomal ITS2 sequences and cross-breeding experiments.
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Moths

Anticarsia irrorata

Scientific Name

Anticarsia irrorata Fabricius,
Walker

Synonyms:
Azazia rubricans, Thermesia

rubricans

Common Name(s)
Noctuid moth, owl moth

Figure 1. A. irrorata adult. Photo courtesy of G.
Type of Pest McCormick., Cook Islands Natural Heritage Trust,
Moth Rarotonga.1687Hhttp://cookislands.bishopmuseu

m.org/species.asp?id=7003

Taxonomic Position
Class: Insecta, Order:
Lepidoptera, Family: Noctuidae

Reason for Inclusion in Manual

NATIONAL
THREAT

Pest Description

Larvae: The larvae are yellowish green with a yellowish line on the lateral sides,
a transparent mid-dorsal line and yellowish intersegmental lines. Thin and
cylindrical larvae measure 4 to 4.5 cm length on full growth. After about 20 to 25
days, they undergo pupation under leaf debris. Pupal period lasts for 7 to 10
days.

Adults: Adult insect (Fig. 1) is a medium sized (15 to 17 mm) buff or light brown
colored moth with an oblique transverse faint brown line across both wings
dorsally. Fore-wings characterized by diagonal line from wing apex to
approximately 1/3 in from outer margin; row of black dots between line and wing
edge; kidney shaped cell patch approximately half way along wing. Hind wings
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have continuation of diagonal line and similar subterminal dots. Underside buffish
brown with subterminal line not originating in wing apex; brown dots also present
and white cell spot. Well marked specimens also have wavy terminal line. Head,

thorax, abdomen, legs and antennae similar shade of brown to wing background.

Pest Importance

In the field experiments conducted at National Pulses Research Centre, the
defoliation of two varieties of cowpea by this moth ranged from 10.0 to 100%
during December and February, 1999-2000 in Pudukkottai, Tamil Nadu, India.
The corresponding yield loss was nearly 50% with a severe infestation (GPDD,
2006).

Symptoms/Signs

The larval stage of A. irrorata feeds on leaves. The damage can be easily
recognized on foliage. The leaf margins are eaten away by the caterpillar. The
caterpillar can be seen mainly on the leaf under-surface. Severely affected plants
will look like a mass of veins and stems alone as if grazed by cattle.

Known Hosts

Major hosts

Andropogon sorghum (broomcorn), Cajanus cajan (pigeon pea), Canavalia
ensiformis (horsebean), Cicer arietinum (chick pea), Cucumis sativius
(cucumber), Cyamopsis tetragonoloba (cluster bean), Glycine max (soybean),
Gossypium spp. (cotton), Lablab purpureus (hyacinth bean), Mucuna pruriens
(velvetbean), Oryza sativa (rice), Phaseolus spp. (bean), Saccharum officinarum
(sugar cane), Vigna unguiculata (cowpea), and Vigna spp.

Known Distribution
Cook Islands, Fiji, French Polynesia, India, Indonesia, Malaysia (West), Nigeria,
and Sri Lanka.

Potential Distribution Within the US
Information is not available at this time.

Survey
There is limited information available on this pest at this time. Survey appears to
be visual based on host symptoms and presence of larvae on the leaf surface.

Key Diagnostics
Information is not available at this time.
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Autographa gamma

Scientific Name
Autographa gamma Linnaeus

Synonyms:
Phytometra gamma and Plusia gamma

Common Name(s)
Beet worm, Silver-Y moth

Type of Pest
Moth

Taxonomic Position
Class: Insecta, Order: Lepidoptera, Family: Noctuidae,

Reason for Inclusion in Manual

CAPS
TARGET

Pest Description

Eggs: Semi-spherical, 0.57 mm in
diameter. Eggs are yellowish-white,
later turning yellowish-orange to brown.
The number of ribs varies from 28 to 29
(Paulian et al., 1975).

Larvae: The larva is a semi-looper with
three pairs of prolegs. It occurs in
varying shades of green (Fig. 2), with a
dark-green dorsal line and a paler line of
whitish-green on each side. The Nt o,

spiracular line is yellowish, edged above ~ Figure 1. Adult showing the silver Y
with green. There are several white mark that resembles the Greek letter
transverse lines between the yellow Eg?ma' Photo courtesy of Jeremy
spiracular line and the dorsal black line. '

Some larval forms have a number of

i V6 Jefemy Lee 2004
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white spots. The head has a dark patch below the ocelli or can be entirely black.
Maximum length 20 to 40 mm (USDA, 1958; Jones and Jones, 1984; Emmett,
1980; Hill, 1987).

Pupae: Pupation takes place within a translucent, whitish cocoon spun amongst
plant foliage. The leaves may sometimes be folded over. The pupa is brown to
black, greenish or even whitish-green on its ventral side, 16 to 21 mm long, and
4.5 to 6.0 mm broad. Cremaster globular, with four pairs of hooklets (Paulian et
al., 1975; Carter and Hargreaves, 1986).

Adults: The adults are grey-colored and the forewings are marbled in
appearance; their color being silvery-grey to reddish-grey to black with a velvety
sheen. Wing expanse is 36 to 40 mm. The Y’ mark on the forewing is distinct
and silvery (Fig. 1). The hindwings are brownish with a darker border (USDA,
1958; Jones and Jones, 1984; Hill, 1987).

Biology and Ecology

A. gamma is a migratory species and
adults undertake seasonal migrations to
areas where they are unable to breed
continuously. In areas where it is unable
to overwinter, severe infestations occur
sporadically. In the United Kingdom, 1936
and 1947 were years when infestations
were particularly severe and crops such
as sugar beet suffered severe defoliation

in July and August (Jones and Jones, - v
1974). More recently, there was a large Figure 2. Larva of A. gamma. Photo
migration of moths to northern Europe in courtesy of P. Mazzei.

1996 (Vos and Rutten, 1998; Legrand and  1688Hwww.invasive.org
Wauters, 1997).

Female moths take nectar from flowers and can often be seen feeding during the
day or early evening (Kwak and Velterop, 1997). They can lay from 500 to more
than 1000 whitish eggs (Hill, 1987), which are laid, singly or in small batches, on
the underside of leaves of low-growing plants. In temperate regions, hatching
may take 10 to 12 days (Hill, 1987). The incubation period lasts for 3 days at
25°C (Ugur, 1995).

The young caterpillars feed on the foliage of their host plants and tend to occur
singly, rather than in groups. When they are young, they skeletonize the leaves,
but older caterpillars eat the whole leaf (Hill, 1987). Larval development takes
from 51 days at 13°C to 15 to 16 days at 25°C; and, pupal development from 32
days at 13°C to 6 to 8 days at 25°C (Hill and Gatehouse, 1992; Ugur 1995).
When the larvae are disturbed, they drop off the plant.
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Local distribution, reproductive potential and migration are determined to a
considerable extent by the availability of suitable wild plants in a given area, and
good weed control reduces the threat of outbreaks. Mortality in the egg stage and
the first larval instar is lowest at high humidities; mass outbreaks are known to
have occurred mainly during periods of very wet weather (Maceljski and Balarin,
1974).

In areas where A. gamma is able to survive the winter, it overwinters as third to
fourth larval instars (Tarabrina, 1970; Kaneko, 1993b; Saito, 1988) or in the
pupal stage (Dochkova, 1972). There is no true diapause (Tyshchenko and
Gasanov, 1983).

Pest Importance

Outbreaks of A. gamma occur periodically over wide areas of Europe, Asia and
North Africa. Infestations were unusually heavy in flax and truck crops throughout
European USSR in 1922. The outbreak of 1928, which occurred in most of
central Europe, caused widespread defoliation of peas in Poland. Damage from
this insect and Pieris rapae in areas of the Netherlands ran at as much as
320,000 guilders during some years in the 1800s. It is also very destructive in
England and Denmark. Outbreaks are more frequent in North Africa and
southern USSR than in central Europe. Between years of high populations, the
pest is generally inconspicuous (CABI, 2004).

A. gamma occurs every year in Belgium but generally causes little damage.
However, an outbreak in 1996 was particularly severe (Legrand & Wauters,
1997a,b). It is usually one of the less important caterpillar pests of Brassica spp.
in Germany (Forster et al., 1992).

Apart from damaging the foliage of their host plants, larvae can scrape the skin
from grapes and feed on the contents of the fruits. A single larva could damage
20 or more mature grapes (Abdullagatov and Abdullagatov, 1986).

Damage to globe artichokes was severe near Bari, Italy from 1982 to 1985, with
about 55% plants being damaged; A. gamma was one of the major pests
(Ippolito and Parenzan, 1985).

Studies in Czechoslovakia (Novak, 1975) indicated that damage became of
economic significance when 25% of the leaf area of a plant was destroyed.
Therefore, the critical density of larvae was the number of larvae/unit area
required to destroy 25% of the leaf area of a plant. This varied according both to
the instar of the larvae and to the development stage of the plant. The numbers
of larvae/plant causing 25% leaf loss varied from 0.07 when the plant had only
two leaves to 20 when it had 30 leaves.

Symptoms/Signs
Leaves may be skeletonized by larval feeding. Frass may or may not be visible.
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Known Hosts

This polyphagous pest is found on cereals, grasses, fiber crops, Brassica spp.
and other vegetables including legumes. A. gamma can feed on at least 224
plant species, including 100 weeds, from 51 families (Maceljski and Balarin,
1972).

Major hosts

Beta vulgaris (beetroot), Beta vulgaris var. saccharifera (sugarbeet), Borago
officinalis (borage), Brassica oleracea var. capitata (cabbage), Brassica oleracea
var. gemmifera (Brussels sprouts), Brassica rapa subsp. chinensis (Chinese
cabbage), Brassica rapa subsp. pekinensis (Pe-tsai), Cannabis sativa (hemp),
Capsicum (peppers), Chrysanthemum indicum (chrysanthemum), Cicer arietinum
(chickpea), Cichorium intybus (chicory), Cynara scolymus (artichoke), Daucus
carota (carrot), Glycine max (soybean), Gossypium (cotton), Helianthus annuus
(sunflower), Hyssopus officinalis (hyssop), Lactuca sativa (lettuce), Linum
usitatissimum (flax), Medicago sativa (alfalfa), Nicotiana tabacum (tobacco),
Pelargonium zonale hybrids, Petroselinum crispum (parsley), Solanum
tuberosum (potato), Spinacia oleracea (spinach), Trifolium pratense (purple
clover), Triticum aestivum (wheat), Vitis vinifera (grape), Zea mays (maize), and
Zinnia elegans (Zinnia)

Known Distribution
A. gamma is widely distributed throughout all of Europe, and eastward through
Asia to India and China; it also occurs in North Africa (USDA, 1958).

Potential Distribution Within the US

The likelihood and consequences of establishment by A. gamma have been
evaluated in a pathway-initiated risk assessment. Autographa gamma was
considered highly likely of becoming established in the U.S. if introduced; the
consequences of its establishment for U.S. agricultural and natural ecosystems
were also rated high (i.e., severe) (Lightfield, 1997). The currently reported global
distribution of A. gamma suggests that the pest may be most closely associated
with deserts and xeric shrublands, montane grasslands [not in the U.S.], and
temperate broadleaf and mixed forests. Consequently, Venette et al. (2003)
estimated that approximately 48% of the continental U.S. would be suitable for A.
gamma.

Survey

Light traps have been used to monitor adult A. gamma (lonescu, 1986; Zanaty et
al., 1984; Kitamura et al., 1989). Much research has been done also to develop
pheromone traps for monitoring A. gamma adults. Pheromone traps are now
widely available and the use of light traps has been superseded in most cases.
The pheromone lures have a high specificity (Crepin and Trouve, 1998; Kaneko
et al., 1990; Kitamura et al., 1989). The optimum height for traps is 1.5 meters
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above the crop (Terytze et al., 1987).

Risk forecasting based on pheromone trap catches is not effective (Crepin and
Trouve, 1998). In Yugoslavia, adult flights of A. gamma depended to a large
extent on rainfall, so that large numbers of adults could be caught, although
damage caused by the larvae was below an economic level (Radin and Tosev,
1983). Inspection of plants is the most effective way of monitoring the size of
infestations. Threshold levels are sometimes used (e.g. 3 to 4 larvae/plant for
sugar beet). In Russia, for the silver-Y moth, soil and vegetation sampling are
used to establish the extent of larval occurrence, numbers, parasitism, and to
assess migratory intensity, fecundity, crop infestation and damage (Anon, 1986;
CABI, 2004).

Taken from Venette et al. (2003). The USDA (1986) provides some
considerations for visual inspections of host plants for the presence of eggs,
larvae, or pupae. In general, eggs may be found on the lower and upper surfaces
of leaves. Larvae are likely to be found, if left undisturbed, on leaves that have
been skeletonized or that have holes in the interior. Pupae may be found on the
lower leaf surface (USDA, 1986).

The sex pheromone, (Z)-7-dodecenyl acetate and (Z)-7-dodecenol in ratios from
100:1 to 95:5, has been used to attract and monitor male flight of A. gamma. In
field applications, the pheromone may be dispensed from rubber septa at a
loading rate of 1 mg (CAPS, 1996). Lures should be replaced every 30 days
(CAPS, 1996). Newly-emerged adult males of A. gamma are not attracted to the
pheromone; 3-day old males are most responsive to the lure. The pheromone of
A. gamma may also attract other Lepidoptera in the U.S. such as Anagrapha
ampla, Anagrapha falcifera, Autographa ampla, Autographa biloba, Autographa
californica, Caenurgia spp., Epismus argutanus, Geina periscelidactyla,
Helvibotys helvialis, Lacinipolia lutura, Lacinipolia renigera, Ostrinia nubilalis,
Pieris rapae, Polia spp., Pseudoplusia includens, Rachiplusia ou, Spodoptera
ornithogalli, Syngrapha falcifera, and Trichoplusia ni.

Sticky traps (e.g. Traptest traps) are relatively ineffective at capturing A. gamma.
Modified versions of an inverted cone trap (similar to Hartstack traps) baited with
0.1 mg of (97:3) E:Z-11-tetradecenyl acetate, a general attractant of several pest
species of moths, captured 30 to 135 times more A. gamma than did sticky traps
(Burgio and Maini, 1995).

Adult males and females have also been collected using Robinson black-light
traps, but these traps attract moths non-discriminately. Such traps,

placed 3 meters above the ground, have been used to successfully monitor the
dynamics of A. gamma and other Noctuid moths.
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Key Diagnostics

Several life stages of three other noctuid pests can be confused with A. gamma.
Of these, the most important species is Trichloplusia ni, as it is already present in
the continental U.S. (Venette et al., 2003) The other easily confused species are
Cornutiplusia circumflexa (Essex Y), which is geographically distributed in
Europe, Asia and Africa and Syngrapha interrogationis (Scarce Silver Y), which
is established in the United Kingdom. Adults of A. gamma are grey to grayish
brown in color with a Y mark or gamma (y) on the forewing’ (Venette et al. 2003).
Nazmi et al. (1981) compare similarities and differences between closely related
species. Species are most reliably identified by close examination of the genitalia
(Nazmi et al., 1980; USDA, 1986).
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Chrysodeixis chalcites

Scientific Name
Chrysodeixis chalcites Esper

Synonyms:
Autographa chalcites, Chrysodeixis chalcytes, Noctua chalcites, Noctua

chalcytes, Noctua chalsytis, Noctua questionis, Phalaena chalcites, Plusia
buchholzi, Plusia chalcites, Plusia chalcytes, Plusia cohaerens, Phytometra
chalcites

Common Name(s)
Golden twin-spot moth, green garden looper, green looper, green semi-looper.
groundnut semi-looper, tomato leafworm, tomato looper

Type of Pest
Moth

Taxonomic Position
Class: Insecta, Order: Lepidoptera, Family: Noctuidae

Reason for Inclusion in Manual

EASTERN WESTERN
REGIONAL REGIONAL
THREAT THREAT

Pest Description

Eqgs: Eggs are white to pale green
and shiny. They are dome-shaped
with 28 to 32 vertical ribs from the
micropyle to the base (Bretherton,
1983; Goodey, 1991).

Larvae: Mature larvae are 34 to 38
mm long, pale yellow-green with a
glassy green to grey head edged with
a black streak (Fig. 1). Above the

‘ A3 |
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spiracles on each side of the body isa  Figure 1. Larva of C.chalcites. Photo
thin dark green or black line stretching courtesy of 1691HPaolo Mazzei.
from the head to the seventh 1692Hwww.invasive.org.

abdominal segment, below this is a
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thicker white line from the head to the tip of the anal proleg. Spiracles are black.
The ventral region is speckled with white dots (Haggett, 1980; Bretherton, 1983;
Passoa, 1995; Porter, 1997). Larvae have only three pairs of prolegs, instead of
the normal five, resulting in the looping gait giving rise to some of the common
names. Haggett (1980) provides a detailed description and color illustration of the
final larval instar.

Pupae: The pupa is 20 mm long, black in a white cocoon (Fig. 2), which turns
brown then black (Harakly and Farag, 1975; Bretherton, 1983; Sannino et al.
1988).

Adults: The adult wingspan is approximately 40 mm. The forewing is 15 to 17
mm, usually gold, although some individuals have more of a bronze color (Fig.
3). There are two oval
silver spots on the
forewing, although in
some individuals these
are united. The
hindwing is more pale.
There are two
prominent crests on the

thorax (Pinhey, 1979; Figure 2. Pupae of C. chalcites. Photos courtesy of (left)

Bretherton, 1983; Ernst Neering (CABI, 2004) and (right) 1689HPaolo
Passoa, 1995). Mazzei. 1690Hwww.invasive.org.

Biology and Ecology
C. chalcites is a polyvoltine species, with up to eight or nine generations per year
in Egypt (Rashid et al., 1971). After emergence, females mate then begin
oviposition within 2 or 3 days (Gasim and Younis, 1989). Eggs are laid on upper
and lower leaf surfaces at night, whilst females are on the wing. Females only
briefly touch the leaf to deposit one, two or a few eggs at a time. Eggs are very
widely scattered in the crop (Linden, 1996) At 20°C egg mcubatlon Iasts
between 5 and 26 days (Gaumont T - o B
and Moreau, 1961).

Reports in the literature show
considerable variation in the number
of eggs oviposited by C. chalcites.
Harakly and Farag (1975) reported
females lay from 14 to 281 eggs with
a mean of 149. In contrast, Gasim
and Younis (1989) reported the mean o g %
number of eggs laid per female to be L= i MR UGA1265133

much higher with 385, 640 and 405 F|gure 3. Adult C. chalcites. Photo
eggs at 20, 25 and 30°C, courtesy of 1693HPaolo Mazzei
respectively. 1694Hwww.invasive.org.
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Gasim and Younis (1989) studied the development rate of C. chalcites eggs at
three temperatures, 20, 25 and 30°C. The mean length of time between
oviposition and egg hatch decreased with increasing temperature. At the lower
temperature eggs took 4.5 days to hatch, at 25°C they took an average of 3.0
days and at the upper temperature they took 2.0 days.

First-instar larvae graze on the underside of leaves feeding on parenchyma.
They can be quite difficult to detect. A larva will drop from the leaf and hang on a
silken thread if disturbed (Goodey, 1991). During the second and third instars,
the larva begins to roll the edges of the leaves together and silken threads are
spun on infested leaves (Rashid et al., 1971). Later instars eat through the
leaves making infested leaves appear skeletonized. The last two larval instars
are the most voracious feeders and will usually eat the entire leaf but may avoid
the midrib, or other large veins. On legumes, they may excavate deep into pods,
sometimes cutting them in two. At the optimal temperature of 25°C, there are six
larval instars, each lasts approximately 2.5 to 3.5 days (Rashid et al., 1971;
Harakly and Farag, 1975).

The mature larva stops feeding and enters a prepupal stage. It spins a cocoon
within which it pupates. The cocoon is usually attached to the underside of a leaf
but can be in the soil (Harakly and Farag, 1975). Gaumont and Moreau (1961)
reported that the pupal period lasted 15 to 26 days, although at the optimal
temperature of 25°C it averages 8.8 days (Rashid et al., 1971).

Adults emerge and soon begin to fly and mate. They rest with their wings folded
over their back like a tent. Adults are semi-nocturnal and usually avoid strong
sunlight. Generations continually breed through the year with no diapause. There
are nine generations per year in Egypt (Harakly and Farag, 1975).

Pest Importance

C. chalcites is a polyphagous polyvoltine species that feeds on the foliage and
fruit of vegetable, fruit and ornamental crops. It is considered one of the most
serious Lepidopteran pests in many countries, although quantitative data
measuring damage is lacking (CABI, 2004).

C. chalcites is the major pest of tomato in Israel during the growing season
(Broza and Sneh, 1994) causing considerable damage to the leaves and
vegetative parts of the plant, although it does not bore into the fruit (Harakly and
Farag, 1975). In Israel, it is also one of the most important noctuid pests of
fodder crops, such as alfalfa and clover (Avidov and Harpaz, 1969). It also feeds
on alfalfa, maize and soybean in Spain (Amate et al., 1998). In northern lItaly, C.
chalcites is one of the principal arthropod pests on soybean (Zandigiacomo,
1990); it also attacks fields of artichokes (Ippolito and Parenzan, 1985). In Egypt,
C. chalcites is considered the most serious of all semi-looper pests attacking field
fruit and vegetables. It is a serious pest of potato in Mauritius (Anon., 1984).
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In protected cultivation, C. chalcites can occur at any time of the year and can
reach high levels of infestation on vegetables and ornamental plants. It is
reported as a serious pest in Bulgaria and Turkey (Loginova, 1992; Uygun and
Ozgur, 1980) affecting tomato, cucumber and peppers. C. chalcites is one of the
four main noctuid pests of greenhouse crops in Sicily (Inserra and Calabretta,
1985) and a continual pest in greenhouses in the Netherlands (Vos and Rutten,
1995) and Belgium (Veire, 1983).

Symptoms/Signs

Leaves may be skeletonized by larval feeding. Frass may or may not be visible.

The last two larval instars are the most voracious feeders and will usually eat the
entire leaf but may avoid the midrib, or other large veins. On legumes, they may
excavate deep into pods, sometimes cutting them in two.

Known Hosts

C. chalcites is highly polyphagous, feeding on many fruit, vegetable and
ornamental crops and weeds in many plant families including Acanthaceae,
Asteraceae, Bignoniaceae, Boraginaceae, Brassicaceae, Convolvulaceae,
Crassulaceae, Lamiaceae, Fabaceae, Malvaceae, Orchidaceae, Rosaceae,
Scrophulariaceae, Solanaceae, Verbenaceae and Violaceae. It can be a pest of
crops grown outdoors and in protection, including both shade and greenhouses
(CABI, 2004).

Major hosts

Glycine max (soybean), Gossypium herbaceum (short staple cotton),
Lycopersicon esculentum (tomato), Nicotiana tabacum (tobacco), Phaseolus
(beans), Phaseolus vulgaris (common bean), and Solanum tuberosum (potato)

Minor hosts

Anethum graveolens (dill), Arachis hypogaea (peanut), Aster, Brassica oleracea
var. botrytis (cauliflower), Brassica oleracea var. capitata (cabbage), Brassica
spp., Capsicum annuum (bell pepper), Chrysanthemum indicum
(chrysanthemum), Citrus, Cucumis sativus (cucumber), Cynara scolymus
(artichoke), Dahlia, Dianthus (carnation), Ficus carica (fig), Fragaria, Helianthus
tuberosus (Jerusalem artichoke), Hippeastrum hybrids (amaryllis), Lactuca sativa
(lettuce), Lycopersicon pennellii, Medicago sativa (alfalfa), Musa (banana),
Pelargonium (pelargoniums), Salvia officinalis (common sage), Stachytarpheta
jamaicensis (Jamaica vervain), Trifolium repens (white clover), Triticum aestivum
(wheat), and Zea mays (maize)

Wild hosts
Echium vulgare (viper's-bugloss), Marrubium spp., Teucrium scorodonia, and
Urtica dioica (stinging nettle)

Known Distribution
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C. chalcites is primarily distributed between 45°N and 35°S, from southern
Europe and the Mediterranean and the Middle East to southern Africa (CABI,
2004).

C. chalcites immigrants from North Africa or southern Europe, borne on strong
southerly winds, are sometimes recorded in central and northern Europe
(Austria, Denmark, Germany, Sweden, Switzerland and the United Kingdom (UK)
in the late summer or autumn (Jor, 1973; Bretherton, 1983; Hachler et al., 1998;
Palmqvist, 1998, 2002). There are about 50 records of C. chalcites as a migrant
to the UK between 1943 and 1990 (Bretherton, 1983). Outdoor breeding
populations occur in Europe as far north as northern Spain and northern Italy. No
successful breeding is reported outdoors in northern Europe (CABI, 2004).

Lempke (1982) and Vos and Rutten (1995) noted that C. chalcites is present all
year round in greenhouses in the Netherlands. Veire (1993) reported populations
established in greenhouses in Belgium. However, there is no evidence that C.
chalcites can overwinter outdoors in the Netherlands (Lempke, 1982) or
elsewhere in northern Europe.

Potential Distribution Within the US
Recently, a specimen of C. chalcites was found on Pelargonium (geraniums) in a

greenhouse in Ohio. This pest is not known to be established in the United
States (CABI, 2004).

Survey

Leaves should be examined on upper and lower surfaces for larvae. Damage
symptoms, such as skeletonized or rolled leaves with webbing may be easier to
detect (CABI, 2004).

Key Diagnostics

In Africa and Europe, C. chalcites may be confused with C. acuta, although C.
acuta is larger and has a more pointed forewing. The silver spots are also larger
(Bretherton, 1983). In the U.S., immigrant C. chalcites appear similar to
Pseudoplusia includens. Larvae should be reared to adulthood to confirm their
identity (Passoa, 1995).
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Crocidosema aporema

Scientific Name
Crocidosema aporema Walsingham

Synonyms:
Epinotia aporema, Epinotia opposita, Eucosma opposita, Eucosma aporema

Common Name(s)
Bud borer, bean shoot moth, budworm

Type of Pest
Moth

Taxonomic position:
Class: Insecta, Order: Lepidoptera, Family: Tortricidae

Reason for Inclusion in Manual:

EMERGING
PEST

Pest Description

Crocidosema aporema was first described by Walsingham (1914) as Eucosma
aporema from Costa Rica. Heinrich (1931) described it as Epinotia opposite.
Peru and Clarke (1954) considered both species synonymous, and named it
Epinotia aporema. Powell et al. (1995) transferred it to the genus Crocidosema.

Morey (1972) described and illustrated the larval, pupal and adult morphology of
C. aporema (Fig. 1).
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Figure 1. (A) Eg
(C) fifth instar larva and (D) pupa. Photos courtesy of CABI,
2004.

Eqggs: Oval, 0.47 x 0.31 mm, pale yellow soon after oviposition.

Larvae: Yellowish-green, about 10 mm long when fully developed, with a shining
black head capsule during the first four instars. These instars are morphologically
similar, except for the size of the larva. The fully developed larva is reddish and
the head capsule turns brownish in the last (fifth) instar.

Pupae Brown, 6.2 to 7.8 mm long and 1.8 to 2.2 mm wide.

Adults: Small, dark moths; forewings with a brown patterning, hindwings grey.
Wingspan approximately 10 mm.

Pest Importance

C. aporema is a frequent species attacking soybeans and other Fabaceous plant
species in southern Brazil, Uruguay, Chile and Argentina. Higher incidence
occurs during the vegetative stages of soybeans. Plant height and insertion of
the lower pods are significantly reduced as a result of its attack on terminal buds.

Symptoms/Signs

Attacked plants may be recognized by the rolled young leaflets, which contain
the larvae. The larvae also tunnel along the main and secondary stems of
soybean plants, drying out the terminal shoots. According to Pereyra and
Sanchez (1998) the larvae may also bore into pods.

106



Crocidosema aporema Moths Arthropod Pests
Bud borer

Known Host

Host records for C. aporema are restricted to the Fabaceae (Biezanko et al.,
1974; King and Saunders, 1984).

Major hosts
Glycine max (soybean)

Minor hosts

Arachis hypogaea (peanut), Lotus spp.(trefoils), Lupinus (lupins), Medicago
sativa (alfalfa), Melilotus (melilots), Phaseolus vulgaris (common bean), Pisum
sativum (pea), and Vicia faba (broad bean)

Known Distribution

C. aporema is distributed throughout the Neotropical region, including Mexico
and southern U.S. Its southern range includes: Chile, Uruguay, Argentina and
southern Brazil.

Potential Distribution Within the US
C. aporema is currently present in Texas.

Survey
Damage by C. aporema is easily detected by rolled leaflets during the vegetative
stage, and by the presence of frass at the larval entrance hole in stems.

Key Diagnostics

The leaf rolling behavior of C. aporema can be mistaken for that of Omiodes
indicata and Cydia fabivora. However, C. aporema attacks young leaflets, while
the two other species are commonly found on fully developed leaves.
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Cydia fabivora

Scientific Name
Cydia fabivora Meyrick

Synonyms:
Eulia prosecta, Laspeyresia fabivora, Laspeyresia leguminis

Common Name(s)
Torticid moth

Type of Pest
Moth

Taxonomic Position
Class: Insecta, Order: Lepidoptera, Family: Tortricidae

Reason for Inclusion in Manual

NATIONAL
THREAT

Pest Description

Eggs: Average size 0.89 x 0.66 mm, ventrally flattened, pale yellow initially,
covered with a raised hexagonal reticulation. Red spots appear below the
chorion within 24 hours of oviposition. Eventually these coalesce, and then the
whole egg is red.

Larvae: Neonate larvae light orange in color; later instars have cream colored
bodies and prominent prothoracic shields and heart-shaped heads. Fifth-instar
larvae are approximately 18 mm long.

Pupae: Pupae have two conspicuous transverse bands of spines on abdominal
sterna 3 to 9. Females are larger and heavier than males.

Adults: Adults (Fig. 1) have a 16 to 24 mm wingspan. Antenna rather stout, very
shortly pubescent; head and thorax cinereous, darker on middle. Forewing
roughly scaled, with several small clumps of slightly raised scales on area
between base and outer third and a projecting fan of scales along inner margin
near base; ground color grayish, paler at apex; markings, when distinguishable,
blackish fuscous (more or less suffused in some specimens and in some
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specimens
completely so)
consisting of
an irregularly
shaped
blackish
fuscous sub-
tornal spot, a
blackish
fuscous
subapical bar,
divided at
middle, with
one arm
extending
towards mid
termen, the
other
downward
tornus, in some specimens the arms enclosing a contrasted, pale yellowish or
orange spot, and a dark fuscous spot on outer third of cell, sometimes extending
to costa and inner margin to form a dark, transverse fascia; in strongly marked
specimens also an additional obscure spot, edged by slightly raised scales, just
beyond cell; posterior part of costa with or without indistinct whitish strigulae; cilia
pale grey, in some specimens more or less suffused with reddish ochreous.
Hindwing grayish brown to brown; cilia paler. Females are generally larger than
males, similar in color and markings, with more slender antennae (CABI, 2004).

Figure 1. C. fabivora adult moth. Photo courtesy of Lynn
Meijerman (CABI, 2004).

Male genitalia: Valva with large cucullus, elongate triangular, densely spined
toward inner (lower) margin; notch in ventral margin of valva deep. Aedeagus
long, slender, curved; cornuti a cluster of short, thin, flattened spines.

Female genitalia: Anterior third of ductus bursae sclerotized, with small
sclerotized collar at middle; ductus seminalis from ductus bursae just beyond the
sclerotized part of tube. Corpus bursae weakly granulate, especially toward
ductus bursae. Signa slender, sharp, thorn-like, with broad bases. Lamella
postvaginalis consisting of a pair of elongate, triangular, sclerotized plates (CABI,
2004).

Biology and Ecology

Under laboratory conditions, adults copulate approximately 48 hours after
emergence. Females start to oviposit almost immediately afterward, continuing
for 2 to 4 days. Eggs are deposited singly, or occasionally in small groups, on the
stems of the host plant, on the abaxial and adaxial sides of the leaves, on the
petioles and pods. Generally, the preferred oviposition site shifts from leaves to
reproductive structures over the course of plant development. The eggs hatch 4
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to 5 days after they are deposited. Larvae have five instars (CABI, 2004).

First-instar larvae attacking plants in vegetative stages begin by perforating the
stem, often at the axil of the petiole, causing desiccation of the leaf. Otherwise,
the neonate larva penetrates the stem directly, leaving a short encircling mine.
The larva spins a silken support and remains in the same stem until development
is completed. Boring of the main stem kills small plants. Attacked pods can be
identified by characteristic short brownish mines indicating where the first-instar
larva has passed through to the seed. Silken support webs are also spun inside
the pods, and one or two seeds are consumed, depending on seed maturity.
Pupation occurs in thin cocoons, at the site of larval development in both stems
and pods. The pupal stage lasts 8 to 11 days. The average time from oviposition
to emergence of adults is 29.2 days (CABI, 2004).

Pest Importance

The literature on soybean pests in Brazil reports that C. fabivora was an
important pest, although not an economically important pest. C. fabivora may
soon be considered an economically important pest on soybean in Brazil due to a
rapid increase of the pest in some areas (Foerster, 1978).

C. fabivora causes stunting of the plant and a reduction in yield. Late-maturing
and late-planted varieties suffer the greatest damage from this pest. According
to Stansly and Sanchez (1990), the pest could potentially build up a large
population as it is able to complete three generations per crop cycle.

Symptoms/Signs

C. fabivora feeds on stems, shoots, floral buds and pods of host plants. When
young plants are attacked by a larva boring into the main stem, the plant may
die. Attacked pods can be identified by characteristic short brownish mines,
indicating where the first-instar larva has passed through to the seed. Silken
support webs are also spun inside the pods, and one or two seeds are often
consumed (CABI, 2004).

C. fabivora larvae fed on soybean and Phaseolus vulgaris in the field. The larvae
also damage the terminal shoots, passing from one shoot to another as new
shoots are formed, later moving into the flower buds and causing subsequent
pod loss. Severely damaged plants may become stunted, with few pods. The
terminal shoots of hosts are damaged. Severely damaged plants may become
stunted with few pods produced. Late-planted soybeans seem to withstand less
damage than earlier planted crops (Foerster, 1978.)

Known Hosts

Major hosts

Glycine max (soybean), Phaseolus lunatus (lima bean), Phaseolus vulgaris
(common bean), and Vicia fabia (broad bean).

110



Cydia fabivora Moths Arthropod Pests
Torticid moth

Known Distribution
C. fabivora is widespread throughout Central and South America including:

Mexico, Costa Rica, El Salvador, Panama, Brazil, Columbia, Ecuador, Peru, and
Venezuela (CABI, 2004).

Potential Distribution Within the US

Information is not available at this time. C. fabivora may, however, enter a
country inside the stems, pods, shoots, and buds of its hosts. Specimens
identified as C. fabivora have been intercepted from Phaseolus spp. three times
and Vicia faba (seeds) once since 1975 from various Central and South
American countries (USDA, 1987).

Survey

Inspect leaves, stems and pods for eggs. Cut suspect stems, pods, shoots, and
buds and examine for larvae and pupae. Also inspect inside of stems for
tunneling by larvae. Short encircling mines where larvae entered the stems might
be visible from outside. Inspect pods for presence of larvae, pupae or webbing
internally. Attacked pods may often be identified from the outside by short
brownish mines where the first-instar larva passed through to the seed. For
identification, submit suspect adult specimens, pinned and labeled to a
diagnostic authority. Preserve larvae and pupae in alcohol (USDA, 1987).

Key Diagnostics
Information is not available at this time.
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Etiella zinckenella

Scientific Name
Etiella zinckenella Treitschke

Synonyms:
Etiella schisticolor, Phycis zinckenella

Common Name(s)
Pea pod borer, lima bean pod borer

Type of Pest
Moth

Taxonomic Position
Class: Insecta, Order: Lepidoptera, Family: Pyralidae

Reason for Inclusion in Manual

WESTERN
REGIONAL
THREATY

Pest Description

The eggs of E. zinckenella are white, oval and 0.6 mm long. They are laid on
young pods, the calyx or on the leaf stalk, either singly or in batches of between
2 and 12. The eggs turn pink towards the end of the incubation period of 3 to 16
days. First-instar larvae (Fig. 1) are 1 mm long with yellowish bodies and black
heads. These larvae wriggle violently if their pod is opened and they are
disturbed.

| s B e 'I| ¥
Figure 1. Etiella zinckenella adult male (left), larva (center), and pupa.
(right). Photos courtesy of

1700Hhttp://www.nrm.se/en/svenska fjarilar/e/etiella zinckenella.html
and

% w40 W7 B BN f DAY UGy [y SRR g | B 6.5 PSS Sy | [P RS S R |

112



Etiella zinckenella Moths Arthropod Pests
Pea pod borer

Just before pupation, larvae become green with dark-pink stripes. Full-grown
larvae are 15 mm long. Freshly formed pupae (Fig. 1) are light-brown but
progressively turn dark-brown to black as the time for adult emergence
approaches. Male pupae are generally larger, at 8.5 mm long, than female
pupae, which are 8.0 mm long. Pupae can be found in soil, 2 to 4 cm below the
surface.

Adult (Fig. 1) forewings are brownish-grey with a white strip along the leading
edge of the narrow forewings. The hindwings are transparent to opaque with
darker outer edges. The wingspan is 24 to 27 mm.

Biology and Ecology
A single female E. zinckenella lays between 60 and 200 eggs during her lifetime
(Kobayashi, 1976).

There are five larval instars. First-instar larvae are 1 mm long with a yellowish
body and a black head. These larvae move about on the pod for half an hour;
they then spin a small web, bore through the pod pericarp, which is covered by
the web, and begin feeding on the developing seeds.

A number of larvae may enter the pod, but cannibalism reduces this number to
only one or two. If the food supply in a pod is inadequate, the larvae migrate to
another. Larval development lasts 20 days.

Full-grown larvae are 15 mm long (Kobayashi, 1976) when they leave the pod to
pupate in a cocoon in the soil, 2 to 4 cm below the surface. The pupal stage lasts
for between 1 and 9 weeks, depending on the temperature. After emergence, the
moths live up to 20 days.

Pest Importance

E. zinckenella is a cosmopolitan pest of worldwide distribution (Qu and Kogan,
1984). Different biotypes of E. zinckenella exist throughout the world. For
example, E. zinckenella is a serious pest of Phaseolus vulgaris in the U.S., but
does not attack soybean there, despite the large area that is under cultivation.
However, it is a threat to soybean in most of Southeast Asia, where it does not
readily attack P. vulgaris.

Damage to soybean in southeast Asia is widespread. It damages about 10 to
15% of pods in Taiwan. However, up to 80% of pods may be damaged in
Indonesia (Talekar, 1987). In lloilo Province, the Philippines, where soybean is a
recently introduced crop, E. zinckenella damaged 57% of pods, even in
insecticide-protected plots (Litsinger et al., 1978).

E. zinckenella causes about 40% yield loss in soybean in the Province of

Lorestan, and in adjacent areas in Iran (Parvin, 1981). In India, it infested 11.4
and 50.9% of lentil and pea pods, respectively, resulting in significant yield losses
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of 10.6 and 23.9% (Singh and Dhooria, 1971). E. zinckenella caused 40% yield
loss in cowpea in Egypt (COPR, 1981).

Symptoms/Signs

Injury to soybean pods caused by E. zinckenella is recognizable, even in the
absence of the larvae. Large pods are marked with a brown spot where the larva
has entered. As the larva develops within the pod, feces accumulate causing
soft, rotten patches on the pod. Seeds are either partially or entirely eaten, and
considerable frass and silk are present. A large hole is evident at the point where
the larva escaped to pupate in the soil.

Blossom drop, and also some pod drop, occurs in cowpea, lentil and pigeon pea
as a result of very small larvae feeding on the blossom and young pods. Usually
one or two larvae can be found in each pod.

Known Hosts

E. zinckenella attacks cultivated legumes including cowpea, garden pea (Pisum
sativum), lima bean, mung bean, pigeon pea, common bean (Phaseolus vulgaris)
and soybean. Soybean is the preferred host.

Major hosts
Fabaceae (legumes) and Glycine max (soybean)

Minor hosts

Arachis hypogaea (peanut), Cajanus cajan (pigeon pea), Cicer arietinum
(chickpea), Crotalaria juncea (sunn hemp), Lablab purpureus (hyacinth bean),
Lathyrus sativus (grasspea), Lens culinaris ssp. culinaris (lentil), Lupinus
angustifolius (lupine), Lupinus luteus (yellow lupine, Medicago sativa (alfalfa),
Pachyrhizus erosus (yam bean), Phaseolus lunatus (lima bean), Phaseolus
vulgaris (common bean), Trifolium alexandrinum (Berseem clover), Trigonella
foenum-graecum (fenugreek), Vicia faba (broad bean), Vicia villosa, Vigna
mungo (black gram), Vigna radiata (mung bean), and Vigna unguiculata
(cowpea)

Wild hosts

Caragana arborescens (Siberian pea-tree), Colutea, Lathyrus (Vetchling),
Phaseolus (beans), Robinia (locust), Robinia pseudoacacia (black locust),
Spartium junceum (Spanish broom), and Vicia spp. (vetch)

Known Distribution

E. zinckenella is a cosmopolitan pest of worldwide distribution (Qu and Kogan,
1984). The pest is present in Asia, Europe, Africa, North America, Central
America, South America, and Australia.

Potential Distribution Within the US

114



Etiella zinckenella Moths Arthropod Pests
Pea pod borer

The biotype of the pest that attacks bean is present in Arizona, California,
Colorado, Florida, Idaho, Nevada, New Hampshire, New Mexico, Oklahoma,
Rhode Island, Texas, Utah, and Washington. The biotype infecting soybean is
not known to occur in the U.S. at this time.

Survey

Eggs of the insect are confined to pods and adjacent inflorescences. The minute
first-instar larvae are present outside the pod for a very brief period. The
presence of a fluffy locule on pods indicates that larvae are continuing to feed
inside the pod. A hole in the pod pericarp indicates that the larva has already fed
and has descended to the soil for pupation.

Both male and female adults are attracted to light traps. A pheromone blend
consisting of tetradecyl acetate, (2)-9-tetradecenyl acetate, (E)-11-tetradecenyl
acetate and (Z)-11-tetradecenyl acetate attracts male adults of the European and
Egyptian strains of E. zinckenella (Toth et al., 1989). The pheromone blend,
which attracts the European strain of E. zinckenella in Hungary, is ineffective
against the Southeast Asian strain of the pest.

Key Diagnostics

E. hobsoni is morphologically similar to E. zinckenella and also infests soybean
in Indonesia. The nature of the damage caused by both species is almost
identical. Naito et al. (1986) gives details of the distribution of both species in
Indonesia. The morphological differences in eggs, larvae, pupae and adults are
very small and are described by Naito et al. (1986). The only substantial
difference that can be used to distinguish between these species is found in the
adults.

The ground color of the forewing of E. hobsoni is dark-brown or dark-reddish
brown, without the white, costal streak found in E. zinckenella. The antemedial
transverse fascia in E. hobsoni is orange-edged with metallic scale. In contrast,
the forewing of E. zinckenella varies in color from reddish-brown to purplish-grey,
but is not dark, and has a white, costal streak. The antemedian transverse fascia
is orange-brown to orange-red, frequently with gold iridescence.

When the adults fold their wings at rest, the antemedial bands of the forewings of
E. hobsoni can be seen as a straight transverse band across the wings, while
those of E. zinckenella are not straight. E. hobsoni is generally smaller than E.
zinckenella; the length of the forewing of the former is 7.5 + 0.6 mm, and that of
the latter 8.7 £ 0.7 mm.

E. zinckenella may also be confused with E. behrii, and the two species cannot
be readily separated on external characters (Whalley, 1973). In male E. behrii,
the process on the base of the antennal segment is larger than in E. zinckenella,
but both species can be easily separated on genitalic characters. E. behrii is
widespread in Australia and probably occurs in most of Indonesia. Specimens
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from peninsular Malaysia and Taiwan are slightly darker than Australian ones,
but the genitalia are similar. As with all specimens in the genus, the darker color
tends to fade with the increasing age of the specimen. At present, the species is
known from the mainland of China, only from a few specimens in Hong Kong,
although it is probably more widespread. There is less variation in the size of
specimens of E. behrii than in E. zinckenella. For further information, see
Whalley (1973).
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Helicoverpa armigera

Scientific Name
Helicoverpa armigera Hubner

Common Name(s)
Old world bollworm, scarce bordered straw worm, corn earworm, African cotton
bollworm, American bollworm, tomato worm

Type of Pest
Moth

Taxonomic Position
Class: Insecta, Order: Lepidoptera, Family: Noctuidae

Reason for Inclusion in Manual

CAPS
TARGET

Pest Description

Eqggs: Yellowish-white and glistening at first (Fig. 1A), changing to dark-brown
before hatching; pomegranate-shaped, 0.4 to 0.6 mm in diameter; the apical area
surrounding the micropyle is smooth, the rest of the surface sculptured in the
form of approximately 24 longitudinal ribs, alternate ones being slightly shorter,
with numerous finer transverse ridges between them; laid on plants which are
flowering, or are about to produce flowers.

Larvae: The first and second instars are generally yellowish-white to reddish-
brown in color, without prominent markings; head, prothoracic shield, supra-anal
shield and prothoracic legs are very dark-brown to black, as are also the
spiracles and tuberculate bases to the setae, which give the larvae a spotted
appearance (Fig. 1B); prolegs are present on the third to sixth, and tenth
abdominal segments. A characteristic pattern develops in subsequent instars.
Fully grown larvae are approximately 30 to 40 mm long; the head is brown and
mottled; the prothoracic and supra-anal plates and legs are pale-brown, only
claws and spiracles remaining black; the skin surface consists of close-set,
minute tubercles. Crochets on the prolegs are arranged in an arc. The final body
segment is elongated.
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Color pattern: a narrow, dark, median dorsal band; on each side, first a broad
pale band, then a broad dark band; on the lateral line, a broad, very light band on
which the row of spiracles shows up clearly. The underside is uniformly rather
pale. On the basic dorsal pattern, numerous very narrow, somewhat wavy or
wrinkled longitudinal stripes are superimposed. Color is extremely variable and
the pattern described may be formed from shades of green, straw-yellow, and
pinkish- to reddish-brown or even black.

Figure 1. Life stages of Helicoverpa armigera, images not to scale: (A) eggs; (B)
larva; and (C) adult. Photos courtesy of CABI, 2004.

Pupae: Mahogany-brown, 14 to 18 mm long, with smooth surface, rounded both
anteriorly and posteriorly, with two tapering parallel spines at posterior tip.

Adults: Stout-bodied moth of typical noctuid appearance (Fig. 1C), with 3.5 to 4
cm wing span; broad across the thorax and then tapering, 14 to 18 mm long;
color variable, but male usually greenish-grey and female orange-brown.
Forewings have a line of seven to eight blackish spots on the margin and a
broad, irregular, transverse brown band. Hindwings are pale-straw color with a
broad dark-brown border that contains a paler patch; they have yellowish
margins and strongly marked veins and a dark, comma-shaped marking in the
middle. Antennae are covered with fine hairs.

For more information on descriptions see Dominguez Garcia-Tejero (1957),
Hardwick (1965), Cayrol (1972), Delatte (1973), King (1994).
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Pest Importance

H. armigera, like its close relatives H. zea and Heliothis virescens in the New
World, is a pest of major importance in most areas where it occurs, damaging a
wide variety of food, fiber, oilseed, fodder and horticultural crops. Its considerable
pest significance is based on the peculiarities of its biology, mobility, polyphagy,
rapid and high reproductive rate, and diapause. These characteristics make H.
armigera particularly well adapted to exploit transient habitats such as man-made
ecosystems. Its predilection for, and ensuing damage to, the harvestable
flowering parts of high-value crops including cotton, tomato, sweet corn and the
pulses confers a high economic cost. In subsistence agriculture, this results in a
high socio-economic cost. However, regional and even relatively local differences
in host preference can give rise to differences in pest status on particular crops.
This was shown by populations in northern and southern India where severe
infestations of cotton are only a relatively recent event (CABI, 2004).

Symptoms/Signs

Cotton: Bore holes are visible at the base of flower buds, the latter being
hollowed out. Bracteoles are spread out and curled downwards. Leaves and
shoots may also be consumed by larvae. Larger larvae bore into maturing green
bolls; young bolls fall after larval damage. Adults lay fewer eggs on smooth-
leaved varieties.

Tomatoes: Young fruits are invaded and fall; larger larvae may bore into older
fruits. Secondary infections by other organisms lead to rotting.

Maize: Eggs are laid on the silks, larvae invade the cobs and developing grain is
consumed. Secondary bacterial infections are common.

Sorghum: Larvae feed on the developing grain, hiding inside the head during the
daytime. Compact-headed varieties are preferred.

Chickpea: Foliage and sometimes entire small plants consumed; larger larvae
bore into pods and consume developing seed. Resistant cultivars exist.

Pigeon pea: Flower buds and flowers are bored by small larvae and may drop;
larger larvae bore into locules of pods and consume developing seed. Short
duration and determinate varieties are subject to greater damage. Less-preferred
varieties exist.

Peanut: Leaves, sometimes flowers attacked by larvae; severe infestations
cause defoliation. Less preferred varieties exist (CABI, 2004).
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Known Hosts

Major hosts

Abelmoschus esculentus (okra), Allium (onions, garlic, leek, etc.), Arachis
hypogaea (peanut), Avena sativa (oats), Brassicaeae (cruciferous crops),
Cajanus cajan (pigeon pea), Capsicum annuum (bell pepper), Cicer arietinum
(chickpea), Citrus, Cucurbitaceae (cucurbits), Glycine max (soybean),
Gossypium (cotton), Helianthus annuus (sunflower), Hordeum vulgare (barley),
Lablab purpureus (hyacinth bean), Linum usitatissimum (flax), Lycopersicon
esculentum (tomato), Mangifera indica (mango), Nicotiana tabacum (tobacco),
Pennisetum glaucum (pearl millet), Phaseolus (beans), Phaseolus vulgaris
(common bean), Pinus (pines), Pisum sativum (pea), Polyphagous
(polyphagous), Prunus (stone fruit), Solanum melongena (eggplant), Solanum
tuberosum (potato), Sorghum bicolor (common sorghum), Triticum (wheat),
Triticum aestivum (wheat), Vigna unguiculata (cowpea), and Zea mays (maize)
(CABI, 2004).

Wild hosts

Acalypha (Copperleaf), Amaranthus spp. (grain amaranth), Datura spp., Datura
metel (Hindu datura), Gomphrena, and Hyoscyamus niger (black henbane)
(CABI, 2004).

Known Distribution

H. armigera is found in the Palearctic, Oriental, Ethiopian, and Austalian
zoogeographic provinces, south of a line at approximately 52°N. The range
occupied by the species includes tropical, dry, and temperate climates (CABI,
2004). The currently reported global distribution of H. armigera suggests that the
pest may be most closely associated with deserts and xeric shrublands;
Mediterranean scrub; temperate broadleaf and mixed forests; tropical and
subtropical grasslands, savannas, and shrublands; and tropical and subtropical
moist broadleaf forest (Venette et al., 2003).

Potential Distribution Within the US

Based on the distribution of climate zones in the U.S., approximately 49% of the
continental U.S. would be suitable for H. armigera (Venette et al., 2003). Despite
the number of H. armigera that are introduced into the U.S. each year, no
occurrences of the pest have been reported in the wild. A wide variety of factors
may contribute to the failed establishment of any introduced population, thus it is
generally recognized that biological invasion is a difficult, unlikely event. It is also
possible that H. armigera has in fact already established (conceivably small, non-
damaging) populations that have gone unnoticed or been misidentified as
another Helicoverpa/Heliothis species (CABI, 2004).

Survey

This polyphagous moth is one of the principal pests of cotton and maize. In
Mediterranean regions, it frequently attacks vegetable plants: tomato, artichoke,
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legumes, cucurbits, as well as tobacco, pinks (Dianthus spp.) and conifers. The
caterpillar tends to be aggressive; it is carnivorous and subject to cannibalism.

The feeding larvae can be seen on the surface of plants but they are often
hidden within plant organs (flowers, fruits, etc.). Bore holes and heaps of frass
(excrement) may be visible, but otherwise it is necessary to cut open the plant
organs to detect the pest. In temperate regions, it overwinters as a pupa buried
several cm in the soil. Adults appear in April to May and can be observed until
October, because of the long migration period. Females lay several hundred
eggs on all parts of the plant, flowers and fruits. Eggs may hatch in less than 3
days at an optimum temperature of 27 to 28 degrees Celsius.

Visual inspections of plants for eggs and/or larvae are frequently used to monitor
and assess population sizes for H. armigera. In vegetative Australian cotton, a
minimum of 60 whole plants per 100 hectare commercial field are examined for
the presence of H. armigera eggs or larvae; when plants begin to produce
squares, only the upper terminal (approximately 20 cm) of a plant is inspected
(Brown, 1984; Dillon and Fitt, 1995). In experimental plots, visual inspections for
H. armigera in pigeon pea were restricted to the upper third of whole plants (4
sets of five plants in a 30 x 30 meter plot) (Sigsgaard and Ersbell, 1999). Leaves
of tomato plants are more attractive than flowers or fruits as H. armigera
oviposition sites, but use of a single-leaf sample unit (with a sample size of 30
plants per field) has proven ineffective in detecting low densities of H. armigera
(Cameron et al., 2001). On some tomato cultivars, leaves in the upper half of the
plant are preferentially selected for oviposition (Saour and Causse, 1993). Larvae
that are feeding on the surface of plant are easily detected, but only entry holes
or frass may be visible when larvae penetrate a plant; in this case, plant
dissections are needed to confirm the presence of the pest (CABI, 2004).

(Venette et al., 2003). Pheromone traps using (Z)-11-hexadecenal and (Z)-9-
hexadecenal in a 97:3 ratio have been used to monitor populations of H.
armigera (Pawar et al., 1988; Loganathan and Uthamasamy, 1998; Loganathan
et al., 1999; Visalakshmi et al., 2000; Zhou et al., 2000). Of three pheromone
doses tested in the field (0.75, 1.0, and 1.25 mg/septum), 1 mg attracted the
most males (Loganathan and Uthamasamy, 1998); the trap type was not
specified. Rubber septa impregnated with these sex pheromone components (1
mg/septum) were equally effective in capturing males for 11 days in the
laboratory (Loganathan et al., 1999). Captures of H. armigera in the field were
significantly lower with 15-day-old lures than with fresh lures, and the authors
recommend replacing lures every 13 days (Loganathan et al., 1999). Similar
observations were reported by Pawar et al. (1988).

Trap design has a significant impact on the number of male H. armigera moths
that will be captured with pheromone lures. Funnel traps and Texas traps are
substantially more effective than sticky traps (Kant et al., 1999). Hartstack (i.e.,
hollow cone) traps have also been used to effectively monitor densities of adults
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(Walker and Cameron, 1990). Cone traps are significantly more effective than
water-pan traps (Sheng et al., 2002). Traps should be placed approximately 6
feet (1.8 meter) above the ground (Kant et al., 1999; Zhou et al., 2000), and they
should be separated by a distance of at least 160 feet (50 meters) (Kant et al.,
1999). For routine monitoring of pests, pheromone traps are deployed at a
density of 5 traps/hectare (Sidde Gowda et al., 2002).

Adults of both sexes can be captured in black light traps.

Key Diagnostics

Several noctuid pests can be confused easily with H. armigera, including H.
assulta (not known in the U.S.), H. punctigera (not known in the U.S.), H. zea
(present in the U.S.), and Heliothis virescens (present in the U.S.) (Kirkpatrick,
1961; CABI, 2004). Adults may be identified by distinct differences in genitalia
(Kirkpatrick, 1961; Hardwick, 1965). A morphological study of H. assulta, H.
punctigera, and Heliothis virescens (formerly H. rubrescens) compares
similarities and differences between species; a key is provided for identifying
adults (Kirkpatrick, 1961). Immunological tests are available to differentiate H.
punctigera and Heliothis virescens in egg or larval stages (Ng et al., 1998).

The LepTon test, an Enzyme Linked Immunosorbent Assay (ELISA) based

approach, has been developed to distinguish between H. armigera and H.
punctigera in all stages (Trowell et al., 1993).
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Lampides boeticus

Scientific Name
Lampides boeticus Linnaeus

Synonyms:
Cosmolyce baetica, Cosmolyce boetica, Cosmolyce boeticus, Cupido boeticus

Lampides baetica, Lycaena baetica, Lycaena boetica, Lycaena boeticus,
Lycaena leguminis, Lycaenia baetica, Lycaenia boetica, Papilio damoetes
Polyommatus baeticus, Polyommatus boeticus, Papilio boeticus

Common Name(s)
Pea blue butterfly, long tailed blue, bean butterfly, alfalfa blue, crotalaria blue,
large tailed blue, pea-pod argus

Type of Pest
Moth

Taxonomic Position
Class: Insecta, Order: Lepidoptera, Family: Lycaenidae

Reason for Inclusion in Manual

NATIONAL
THREAT

Pest Description

Eggs: Small (0.2 to 0.5 mm across), toroidal and china-white. Covered with fine
reticulations and projections, which form an irregular pattern over the crown, and
a fine network of regular ribs and knobs laterally.

Larvae: On hatching, the young larva (0.8 mm) is very active. Its citrine-yellow
body is almost cylindrical with a shiny olive-colored disc on the first and last
segments, and dark raised tubercles. The head is also olive, but with black
mouthparts. There are two dorsal rows of short, curved, white hairs.

In the second instar, the 2.5 mm larva is pale olive-yellow and covered with
minute dark tubercles; the spiracles are black. A rust-brown medio-dorsal band
extends the entire body length, and there are oblique side stripes of the same
color. It grows rapidly, reaching 8 mm before the next molt.
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In the third and final instar, the larva is grub-like and up to 15 mm long when fully
grown. It is dark green, yellowish-green or, more often, pearly-white with a
yellowish tinge. All forms have a purple-brown medio-dorsal stripe, reddish lateral
streaks, a brown head, short marginal hairs and a dense covering of minute
setae on fine body tubercles. There is a large honey-gland on the seventh
abdominal segment, which is highly attractive to some ant species (CABI, 2004).

Pupae: Wheat-grain like, 10.5 to 13 mm, smooth, minus anal hooks. The head is
rounded, the meso-thorax swollen dorsally, sunken at the meta-thorax; the
second abdominal segment is swollen. The abdomen then runs in a slight curve
to the fourth segment and is then more abruptly curved, forming a conical anal
point. It is initially of a pale flesh color, gradually turning to creamy-ochreous, or
pale brown, with a darker dorsal line. Marked with varying amounts of brownish-
black and covered with very fine -

tubercles.

Adults: Sexually dichromatic. Male
wingspan 28 to 34 mm; upperside
purplish-blue (Fig. 1) suffused with
grey scales and with a distinct black
marginal line; marginal fringe
grayish-white. Female wingspan 25
to 42 mm; upperside dark brown
with purple scales at the base and
discal area.

Figure 1. Resting L. boeticus male in

Both sexes have a single, 2.5 mm, Kenya. Photo courtesy of A.R. Pittaway
black, white-tipped tail on each (CABI, 2004)

hindwing projecting from black

tornal spots. The wing undersides are sandy-brown with creamy transverse
bands. On the underside, the eye-like tornal spots are ringed with turquoise blue
and crowned with orange. Antennae black, annulated white (CABI, 2004)

Biology and Ecology

Around Delhi, India, L. boeticus is abundant from February to April and again in
November. It is least common during July and September. In Saudi Arabia, this
species flies all year round, but is most common during the cooler months of
November to April. The adults fly rapidly and erratically, often in groups, around
the host plant. When not feeding from flowers, they frequently perch on vantage
points looking for intruders, which are intercepted at high speed. L. boeticus is a
noted migrant, capable of long distance movement, often involving vast numbers
of individuals (CABI, 2004).

The eggs are laid singly on unopened flowers, sepals and flower-stalks. Several
females often oviposit at the same site.
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Upon hatching, the active larva tunnels into a flower or immature fruit and
completes its development feeding in the immature flower or on seeds in the
developing pod. In colder regions, this stage lasts 21 to 30 days. In all stages, it
is very cannibalistic, devouring all competitors it comes across. It is rare to find
more than one larva per pod or flower (CABI, 2004).

Pupation occurs amongst debris and leaves on the ground, under stones, or
even in a curled-up, withered leaf on the plant. It is only lightly attached to a silk
pad by a loose silken girdle. In areas of sandy soil, the larva may even burrow
into the ground. Some individuals may even pupate in a flower, so that when the
flower dies and falls to the ground, the pupa falls with it. The pupation period can
last between 14 days and a year, even for caterpillars that pupated at the same
time (CABI, 2004).

In Taiwan, the duration of egg, larval, pupal and adult stages were 4 to 6, 22 to
35,6 t0 9, and 2 to 5 days, respectively, with high populations observed from
October to April.

In Egypt, larval feeding on Vigna unguiculata and Lupinus albus resulted in high
fecundity, shorter pupal duration and greater adult longevity compared with
individuals which fed on Glycine max or Phaseolus vulgaris (CABI, 2004).

Pest Importance

L. boeticus is usually a minor pest, but potentially serious. It is a major but local
pest of cultivated legumes. If L. boeticus managed to establish itself in the New
World, it would probably become a serious threat to crops. Strict controls on the
movement of peas and beans in the pod need to be enforced. Importation of this
species occurs each spring into central and western Europe via early green peas
from the Mediterranean region (CABI, 2004).

It is the most injurious pest of Cajanus cajan in Cape Verde (followed by
Helicoverpa armigera and Etiella zinckenella) (FAO, 1985). In Hawaii, it is a
major pest of garden beans and, if not controlled, can cause considerable
damage to crops locally. L. boeticus was captured in Hawaii before 1882. It is
now the most common blue butterfly of these islands.

The incidence of L. boeticus on peas was studied in Haryana, India, in 1981.
Damage to pods and locules averaged 8%. Larvae started to feed on the crop in
the initial stages of pod formation. Peak damage was observed in the last week
of March (Kaushik and Gulab Singh, 1983).

Symptoms/Signs

Larvae not only feed within developing flowers, but also on seeds within the seed
pods of the host. Frass is deposited at one end of the pod, where it may cause
decay. This often shows up externally as dark discoloration (CABI, 2004).
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Known Hosts

Major hosts

Cajanus cajan (pigeon pea), Canavalia (jack bean), Cicer arietinum (chickpea),
Crotalaria juncea (sunn hemp), Glycine max (soybean), Lablab purpureus
(hyacinth bean), Medicago sativa (alfalfa), Phaseolus (beans), Phaseolus lunatus
(lima bean), Phaseolus vulgaris (common bean), Pisum (pea), Pisum sativum
(pea), Pisum sativum var. arvense (Austrian winter pea), Psophocarpus spp.,
Pueraria phaseoloides (tropical kudzu), Sesbania sesban (sesban), Vicia faba
(broad bean), Vigna mungo (black gram), Vigna radiata (mung bean), and Vigna
unguiculata (cowpea)

Minor hosts

Alhagi spp. (camelthorn), Colutea arborescens (bladder senna), Crotalaria pallida
(smooth crotalaria), Gliricidia sepium (mother of cocoa), Indigofera spp. (indigo),
Kennedia prostrata, Lathyrus odoratus (sweet pea), Lupinus angustifolius
(lupine), Sesbania cannabina (corkwood tree), Spartium junceum (Spanish
broom), and Virgilia oroboides.

Wild hosts

Cytisus (Broom), Cytisus scoparius (broom), Sesbania tomentosa (ohai),
Sophora chrysophylla, Ulex europaeus (gorse), Vicia sativa (common vetch), and
Vigna vexillata (wild mung bean), and Viminaria juncea (Australian native
broom).

Known Distribution

This pest is widespread throughout southern Europe, Africa, Oceania and
southern Asia. It is not resident in the cooler temperate regions, such as central
and northern Europe, but a few summer migrants penetrate as far north as the
United Kingdom (UK) each year, with most being captured in August and
September. The first confirmed specimens for the UK were captured in 1859.
These butterflies appear to originate from Spain, Italy, Greece, North Africa or
other Mediterranean countries (CABI, 2004)

In autumn 1971, immigrant adults of L. boeticus were found to have established
a breeding population in the Nelson area of New Zealand. This lycaenid was first
recorded in the Auckland area in 1965, and subsequently in 1967-68.

Potential Distribution Within the US
L. boeticus is present in Hawaii, but has not been recorded in the continental
U.S.

Survey

The presence of adults flying around a crop, or the occurrence of the
conspicuous eggs on flowers and pods, will indicate an infestation. Larvae can
be found by opening discolored or malformed pods. The pest can be found in
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open country, such as farms, gardens, town suburbs, woodland margins, desert
oases, mountain meadows. In Europe, the pest is found mainly in flowery verges
and rough places. This species avoids dense forest and is not found in rain
forests.

Key Diagnostics

L. boeticus may be confused with Syntarucus pirithous (Leptotes pirithous) which
is smaller with a mottled rather than streaked underside.
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Leguminivoria glycinivorella

Scientific names
Leguminivora glycinivorella Matsumura

Synonyms:
Cydia glycinivorella, Eucosma

glycinivorella, Grapholita glycinivorella,
Laspeyresia glycinivorella

Common Name(s)
Soybean pod borer, soybean moth,
soybean pod moth

Type of Pest
Moth

Taxonomic Position
Class: Insecta, Order: Lepidoptera,
Family: Tortricidae

Figure 1. L. glycinivorella adult male

. . Photo courtesy of Meijerman and
Reason for Inclusion in Manual Ulenberg.

NATIONAL
THREAT

Pest Description

The Tortricidae are among the largest families of the so-called micro-lepidoptera,
with over 5000 species described worldwide. In North America, there are
approximately 1,200 described species (Triplehorn and Johnson, 2005).
Tortricidae members are more commonly found in temperate and tropical upland
regions than in the lowland tropics (Meijerman and Ulenberg, 2000). Many
members of this family are leafrollers. Moths in this family are small, and gray,
tan or brown in color with dark bands or mottled wing areas. Front wings are
often square-tipped. Wings are held roof-like over the body when at rest
(Triplehorn and Johnson, 2005).

L. glycinivorella was first described by Matsumura in 1900. In Asia, L.
glycinivorella is associated with late season plants and is found on pods and
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seeds (Sinclair et al., 1997). Adults are small dark-colored moths (Fig. 1). L.
glycinivorella larvae are responsible for the majority of soybean crop loss.
Eqgs: L. glycinivorella eggs are flat and oval, measuring 0.48 x 0.35 mm. They
are pearly-white when freshly laid. During development, a red spot appears,
which may fuse to a pink streak (Meijerman and Ulenberg, 2000).

Larvae: The larval stage (Fig. 2) of the
non-hibernating generation lasts 18 to
25 days, during which the larva
undergoes five instars. When young,
larvae are orange-yellow in color,
changing to milky white or greenish in
the third instar and turning orange or
pink in the final instar. Heads are black
and prothoracic shield is brownish
(Meijerman and Ulenberg, 2000).

Figure 2. L. glycinivorella larva in East
Pupae: Brown in color, pupae are 6 to  Asia. Photo courtesy of Kogan.
7mm in length (Meijerman and
Ulenberg, 2000).

Adults: Adult (Fig. 3) wingspans measure
13 to 17 mm. The forewing is grey with
weak purplish blue hue, becoming more
yellowish near the termen. Fasciae are
fuscous, irregular and narrow. Dorsal spot
is well developed, giving rise to dark
colored stria. Ocellus has three small black
dashes. Hindwing is fuscous, and paler in
color basally (Meijerman and Ulenberg,
2000).

Figure 3. L. glycinivorella adult
Adult male (external characters): 13 to 17 in East Asia. Photo courtesy of
mm wingspan; head and thorax ochreous- Kogan.

brown, abdomen fuscous. Forewing grey

with weak purplish blue hue, more yellowish near termen, the latter with a slight
notch. Costal strigulae brown, some giving rise to bluish striae reaching termen.
Interspaces between costal strigulae yellowish. Basal, subbasal and median
fasciae fuscous, irregular, narrow, angulate near costa. Interspaces between
these with dark colored irregular spots. Dorsal spot well developed, fuscous,
triangular, giving rise to dark colored stria; this stria connecting to stria arising
from costal strigula, forming a ‘“T-shaped’ marking. Ocellus ochreous with three
small black dashes. Cilia dark yellowish. Hindwing with anal fold, fuscous, paler
basally; cilia yellowish grey (Meijerman and Ulenberg, 2000).
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Male genitalia: Tegumen long, broad terminally, proximal portion expanding
dorsally, with long-haired patches situated laterally before apex of tegumen.
Cucullus broad, somewhat expanding posteriorly; notch in ventral margin of valva
rather small. Aedeagus long, curved (Meijerman and Ulenberg 2000).

Female adult (external characters): Similar forewing to male; hindwing without
anal fold.

Female genitalia: Ovipositor fairly long, papillae analis small. Sterigma in form of
a weakly sclerotized, indistinct lamella postvaginalis marked with some terminal
hairs; ostium with short sclerite; ductus bursae long, membranous; corpus bursae
with well developed signa and posterior diverticulum.

Biology and Ecology

L. glycinivorella is univoltine in northern Japan (Sakagami et al., 1985); however,
a second generation has been noted in other locations. Adults emerge in late-
July to early August, and females oviposit on young bean pods. Larvae, once
hatched, enter pods and eat immature beans. In mid- to late-October, full grown
larvae leave the pods, enter the soil and spin cocoons.

Females lay about 160 to 170 eggs each. Over 80% of the eggs are deposited
on young pods. Before young pods are available, petioles and stipules are
common sites. After 7 to 9 days, the eggs hatch. The larva spins a loose silken
covering, probably for support when gouging out pod tissue (Meijerman and
Ulenberg, 2000). A hibernating (fifth instar) larva spins a cocoon and overwinters
in the soil. The larvae spend eight or more months in cocoons until pupation the
following year, which occurs in July, approximately. The cocoon does not protect
the larva from ultra-low temperatures, but it is thought to prevent inoculative
freezing, which takes place at approximately -4.0°C. Cocoons also provide
protection from submergence during early spring flooding and pre-emergence
(Sakagami et al., 1985).

Pest Importance
L. glycinivorella is considered one of the most serious soybean pests in
Northeast Asia (Sakagami et al., 1985).

Symptoms/Signs

Late and widely spaced planting tends to result in heavier pod-borer damage
than does early and dense planting. The date of pod setting and the duration of
pod ripening also appear to be related to the damage-rate (Meijerman and
Ulenberg, 2000). Larvae feed on the seeds inside the pod. The entrance hole in
the pod created by L. glycinivorella is very small, and the callus tissue formed
over it resembles the feeding punctures made by pod sucking bugs. Inside the
pod, the larva feeds on the seeds. The number of larvae per pod varies with pod
size and host variety (Meijerman and Ulenberg, 2000).
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Known Hosts
Major Host
Glycine max (soybean) and Phaseolus spp. (beans)

Minor Hosts:
Pueraria lobata

Wild Hosts
Lupinus spp. (lupine)

Known Distribution
L. glycinivorella is known to occur in China, Japan, Korea, and the former USSR
(Meijerman and Ulenberg, 2000).

Potential distribution Within the US
Information is not available at this time.

Survey

Specific information is not available at this time. However, other moths in this
family are surveyed using visual observation of symptoms, larvae, pupae,
webbing, and frass.

Key Diagnostics
Small, dark colored moths. Small entrance holes on pods can be observed.
Larvae may be found inside pods.

The tortricid pod-borer Fulcrifera orientis, collected from Sophora flavescens in
Japan, has been confused with L. glycinivorella (Meijerman and Ulenberg, 2000).
F. orientis can be differentiated based on male genitalia. The aedeagus of F.
orientis is armed with a long process, originating from the anellus above the base
of the coecum penis.
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Mamestra brassicae

Scientific Name
Mamestra brassicae Linnaeus

Synonyms:
Barathra brassicae, Hypobarathra unicolor, Noctua albidilinea, Phalaena noctua

brassicae, Phalaena omicron

Common Name(s)
Cabbage moth, cabbage armyworm

Type of Pest
Moth

Taxonomic Position
Class: Insecta, Order: Lepidoptera, Family: Noctuidae

Reason for Inclusion in Manual

EASTERN
REGIONAL
THREAT

Pest Description

Eqgs: The eggs are relatively small, hemispherical, ribbed and reticulate. They
are whitish in color when newly laid, but turn gradually to purplish-brown with a
brown to purple micropyle and basal ring. A few hours before hatching, they
darken to grayish-black. The eggs are laid singly in regular batches of up to 70 to
80 eggs, mainly on the undersides of leaves.

Larvae: There are six instars. First- and second-
instar larvae are about 3 to 10 mm long, greenish
and more or less translucent with black hairs on
black warts. First-instar larvae have a black head
capsule, but after the first molting it turns light-brown
(Fig. 1). The prolegs on the third and fourth
abdominal segments are poorly developed in the first

Figure 1. M. brassicae
two or three instars. From the third instar, the larvae Iargvae feeding on leaf.

are pale-green with yellowish intersegmental bands. Photo courtesy of CABI,
The dorsal region turns gradually darker with each 2004.
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molt, and in the last instar the majority of the larvae are brownish-green or
blackish-green.

Heath and Emmet (1979) described full-grown larvae. The body is about 50 mm
long, elongate, and with a slight dorsal hump on abdominal segment 8. The head
capsule is light-brown, and the dorsal region of the body is from fairly bright-
green, through brownish-green to almost black. The dorsal line is fine and black.
On each side, there is one sub-dorsal line of blackish bars. The spiracular line is
broad and pale-green or pale-ochreous. The spiracles are white. The ventral
region is yellowish-green.

Pupae: The pupae are elongate, 17 to 22 mm long, and reddish-brown and
glossy. The wing- and limb-cases are finely sculptured. The abdominal segments
are darker brown and evenly tapered, and there is a finely pitted anterior band on
each segment. Segment 8 is sharply excavated to a narrow conical cremaster
with two short apically hooked spines. Pupation takes place within flimsy cocoons
in the soil (Heath and Emmet, 1979).

Adults: The adult moths have a wingspan of 34 to 50 mm. The forewings are
mottled and may appear grey-brown, brown or blackish-brown, with variable
reddish-brown scaling. Sub-basal, antemedian and postmedian lines are
inconspicuous and slightly paler than the background color, and have a fine dark
edge. A kidney-shaped stigmata outlined in black with a whitish distal margin and
a less clearly defined proximal margin, is placed near the center of each
forewing. The subterminal line is very variable. When present it is whitish and
irregular, with two angular projections (like a W). The hindwings are fuscous and
generally paler than the forewings. They are light-grayish towards the base, and
have a darker terminal shade. The fringe has a grayish central line. The eyes are
hairy and the forelegs have a characteristic brown, slightly curved, apically
pointed tibial spur. Like other species in Hadeninae, the eyes are hairy.

Pest Importance

In central parts of the distribution area M. brassicae is a serious pest, mainly on
Brassica spp., beetroots and legumes, but also on other vegetable crops (Heath
and Emmet, 1979; Filippov, 1982; Poitout and Bues, 1982; Hommes 1983;
Jgaard, 1983; Kahrer, 1984; Injac and Krnjajic, 1989; Finch and Thomson, 1992;
Van de Steene, 1994). In these areas, the greatest damage is usually caused by
the larvae of the second generation, which are often more numerous than the
first generation (Kahrer, 1984; Injac and Krnjajic, 1989). In the northern areas
(Scandinavia and Finland), the occurrence as a serious pest is more sporadic
(Skou, 1991; Johansen, 1997b).

In cabbage crops in Germany, M. brassicae is a main pest with regular
occurrence. In field experiments, 27 to 98% of the plants in different cabbage
crops were infested (Hommes, 1983). According to Filippov (1982) larval
infestation of cabbage in Moldavia led to harvest losses of 8 to 80%. In a study of
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white cabbage in Norway, weight losses due to larval damage were 10 to 13%
(Rygg and Kjos, 1975). In Belgium, insecticides are often applied to Brussels
sprouts every 2 to 3 weeks to control M. brassicae larvae (Van de Steene, 1994).

Symptoms/Signs

Small larvae feed on the underside of the external leaves, where they make
small perforations. As the larvae grow older, the feeding holes become larger.
Severe infestations of small larvae may rapidly skeletonize the leaves, and can
sometimes destroy small plants. Older larvae tunnel into the heart of the plants.
They leave considerable amounts of feces, which favor growth of decaying
bacteria and fungi. Most crop losses caused by the larvae occur as a result of
boring and fouling rather from the amount of plant tissue eaten. Even slight
infestations of older larvae can be damaging, particularly in crops such as
heading cabbage, where the larvae destroy the marketable product (Heath and
Emmet, 1979; Finch and Thomson, 1992).

In cauliflower and broccoli, the larvae also feed on the inflorescence, where they
chew more or less deep holes. Small larvae live well hidden between the flower
stems and may pass sorting procedures, contaminating processed products.

Soybean leaves may be completely skeletonized. The feeding may destroy
young buds, leading to distorted growth. The larvae bore into the pods and feed
on the seeds (Lihnell, 1940).

The larvae feed on leaves, buds and petals in ornamentals such as Dahlia,
Chrysanthemum and Rosa spp., and they may bore into the fruits in fruiting
crops, such as tomato.

Known Hosts

M. brassicae larvae are extremely polyphagous: although they prefer Brassica
crops (Heath and Emmet, 1979; Skou, 1991; Finch and Thomson, 1992).
Beetroots, legumes, lettuces, onions and potatoes are also frequently reported to
be infested (Jgaard, 1983; Injac and Krnjajic, 1989; Finch and Thomson, 1992;
Zhang, 1994). The species is also found on a wide range of other vegetable
crops and ornamental flowers in greenhouses and in the open, and on a wide
range of deciduous tree species.

Major hosts

Allium cepa (onion), Allium sativum (garlic), Beta vulgaris var. saccharifera
(sugarbeet), Brassica oleracea (cabbages, cauliflowers), Brassica oleracea var.
botrytis (cauliflower), Brassica oleracea var. capitata (cabbage), Brassica
oleracea var. gemmifera (Brussels sprouts), Brassica rapa subsp. pekinensis
(Pe-tsai), Glycine max (soybean), Lactuca sativa (lettuce), Lycopersicon
esculentum (tomato), Nicotiana, Nicotiana tabacum (tobacco), Phaseolus
(beans), Phaseolus vulgaris (common bean), Pisum sativum (pea), Solanum
tuberosum (potato), and Zea mays (maize)
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Minor hosts

Callistephus chinensis (China aster), Capsicum (peppers), Capsicum annuum
(bell pepper), Chrysanthemum (daisy), Dianthus caryophyllus (carnation),
Fragaria, Linum usitatissimum (flax), Malus domestica (apple), Medicago sativa
(alfalfa), Prunus persica (peach), Rosa (roses), Trifolium repens (white clover),
Vicia faba (broad bean), and Vitis vinifera (grape).

Known Distribution

M. brassicae is present throughout the Palaearctic region from Europe to Japan
and subtropical Asia. According to Finch and Thomson (1992), M. brassicae is
abundant throughout Central Europe and temperate Asia. @gaard (1983) states
that the species is present mainly between 30°N and 70°N. The species is
abundant all over Denmark and in southern Scandinavia and Finland (Skou,
1991). In Norway, M. brassicae occurs as a pest up to 62°N (Johansen, 1997b).
The species is not found on Iceland.

Potential Distribution Within the US
The species is not present in America or Oceania (APPPC, 1987; Zhang, 1994).

Survey

Adults can be detected with pheromone or light traps. Egg batches and small
larvae (less than about 1.5 cm) are found mostly on the undersides of the larger
external leaves. Feeding perforations from the smallest larvae are difficult to
detect. Large larvae are found between the internal leaves in the heart of plants,
in tunnels or cavities in cabbage heads, flowers, buds or fruits. Look for feeding
holes, entrance holes and feces.

Crop scouting should be done on a number of plants per field at least weekly,
and should start 1 to 2 weeks after the first adults are caught in the traps.
Scouting methods have been developed and are recommended (Kahrer, 1984;
Freuler, 1992; Planteforsk and ITAS, 1997).

Key Diagnostics

The adults resemble many other dull-colored members of the Noctuidae.
|dentification of adult noctuids is often based on characteristics of male genitalia.
Mythimna pallens, Discestra trifolii, and Lacanobia w-latinum can be
distinguished from M. brassicae by no tibial spur on foreleg. Manilkara zapota
and Apamea spp. can be distinguished from M. brassicae by no tibial spur on
foreleg, and glabrous eyes

It is difficult to distinguish between larvae from different noctuid species,

especially in the youngest instars. See Heath and Emmet (1979) or Skinner
(1998) for full description.
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Spodoptera littoralis

Scientific Name
Spodoptera littoralis Boisduval

Common Name(s)

Cotton leafworm, Egyptian cotton leafworm, Mediterranean climbing cutworm,
tobacco caterpillar, tomato caterpillar, Egyptian cotton worm, Mediterranean
brocade moth, Mediterranean climbing cutworm

Type of Pest
Moth

Taxonomic Position
Class: Insecta, Order: Lepidoptera, Family: Noctuidae

Reason for Inclusion in Manual

CAPS
TARGEY

Pest Description

Eggs: Spherical, somewhat
flattened, 0.6 mm in diameter, laid
in clusters arranged in more or less
regular rows in one to three layers,
with hair scales derived from the tip
of the abdomen of the female moth
(Fig. 1). Usually whitish-yellow in
color, changing to black just prior to
hatching, due to the big head of the
larva showing through the

transparent shell (Pinhey, 1975). Figure 1. Eggs and neonates. Eggs are
laid in batches covered with orange-brown

Larvae: Larvae grow to 40 to 45 hair scales. Photo courtesy of

mm and are hairless, cylindrical, 1702Hhttp://www.defra.gov.uk/planth/pestn

tapering towards the posterior and ote/spod.htm

variable in color (blackish-grey to

dark green, becoming reddish-brown or whitish-yellow) (Fig. 2). The sides of the
body have dark and light longitudinal bands; dorsal side with two dark semilunar
spots laterally on each segment, except for the prothorax; spots on the first and
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eighth abdominal segments larger than the others, interrupting the lateral lines on
the first segment. The larva of S. littoralis is figured by Bishari (1934) and Brown
and Dewhurst (1975).

Pupae: When newly formed, pupae are green with a reddish color on the
abdomen, turning dark reddish-brown after a few hours (Fig. 3). The general

Figure 2. (A) Larva of S. littoralis, showing light and dark longitudinal bands on sides of
the body and dark spots on segments of the dorsal side (B) S. littoralis larva feeding on
cotton leaves. Photo courtesy of CABI, 2004.

shape is cylindrical, 14 to 20 x 5 mm, tapering towards the posterior segments of
the abdomen. The last segment ends in two strong straight hooks (Pinhey,
1975).

Adults: Moth with grey-brown body (Fig. 3), 15 to 20 mm long; wingspan 30 to
38 mm; forewings grey to reddish brown with paler lines along the veins (in
males, bluish areas occur on the wing base and tip); the ocellus is marked by two
or three oblique whitish stripes. Hindwings are grayish white, iridescent with grey
margins and usually lack darker veins (EPPO, 1997).

Figure 3. Pupa and adult of S. littoralis on soil (A). Adult moth of S. littoralis
(museum set specimen) (B). Photos courtesy of CABI, 2004 and Entopix.

137



Spodoptera littoralis Moths Arthropod Pests
Cotton leafworm

Pest Importance

S. littoralis is one of the most destructive agricultural Lepidopteran pests within its
subtropical and tropical range. It can attack numerous economically important
crops throughout the year (EPPO, 1997). On cotton, the pest may cause
considerable damage by feeding on the leaves, fruiting points, flower buds and
occasionally on bolls. When peanuts are infested, larvae first select young folded
leaves for feeding, but in severe attacks, leaves of any age are stripped off.
Sometimes, even the ripening kernels in the pods in the soil may be attacked.
Pods of cowpeas and the seeds they contain are also often badly damaged. In
tomatoes, larvae bore into the fruit and render them unsuitable for consumption.
Numerous other crops are attacked, mainly on their leaves.

In Europe, damage caused by S. littoralis was minimal until about 1937. In 1949,
there was a catastrophic population explosion in southern Spain, which affected
alfalfa, potatoes and other vegetable crops. At present, this noctuid pest is of
great economic importance in Cyprus, Israel, Malta, Morocco and Spain (except
the north). In Italy, it is especially important on protected crops of ornamentals
and vegetables (Inserra and Calabretta, 1985; Nucifora, 1985). In Greece, S.
littoralis causes slight damage in Crete on alfalfa and clover only. In North Africa,
tomato, pepper, cotton, maize and other vegetables are affected. In Egypt, it is
one of the most serious cotton pests.

Symptoms/Signs

On most crops, damage arises from extensive feeding by larvae, leading to
complete stripping of the plants. On cotton, the larvae feed on the leaves creating
large holes of irregular shape and usually all that remains are the bigger veins.
The larvae may also bore into the bud or young boll and consume the whole
contents, causing them to be shed or dry up (Bishari, 1934). Bolls have large
holes in them from which yellowish- to dark-green larval excrement protrudes. On
tobacco, leaves develop irregular, brownish-red patches and the stem base may
be gnawed off. Maize stems are often mined by S. littoralis and young grains in
the ear may also be damaged.

Known Hosts

The host range of S. littoralis covers over 40 families, containing at least 87
species of economic importance (Salama et al., 1970). Economically important
hosts include: okra, onion, beet, cabbage, cauliflower, tea, bell pepper,
watermelon, Citrus spp., coffee, carrot, cotton, soybean, fig, sunflower, sweet
potato, potato, pea, bean, rice, tomato, cereal crops, tobacco, radish, roses,
sugar cane, guava, spinach, cocoa, maize, cowpea, and grape.

Known Distribution

The northerly distribution limit of S. littoralis in Europe corresponds to the climatic
zone in which winter frosts are infrequent. It occurs throughout Africa and
extends eastwards into Turkey and north into eastern Spain, southern France
and northern ltaly. However, this boundary is probably the extent of migrant
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activity only, because although the pest overwinters in southern Spain, it does
not do so in northern Italy or France. In southern Greece, pupae have been
observed in the soil after November and the species overwinters in this stage in
Crete. Low winter temperatures are, therefore, an important limiting factor
affecting the northerly distribution, especially in a species with no known
diapause (Miller, 1976; Sidibe and Lauge, 1977).

Potential Distribution Within the US

The potential U.S. range of most Spodoptera may be limited to the west coast
through the lower southwestern and southeastern U.S., reaching as far north as
Maryland. Migratory species may be capable of periodic spread into northern
states and even Canada by late summer or early fall.

Survey

A number of sampling considerations for S. littoralis have been proposed:
Surveys for this pest can take place any time during the growing season while
plants are actively growing; early instars (<3rd) are likely to be on lower leaf
surfaces during the day; larvae will skeletonize leaves by feeding on this surface
and such damage to the leaf provides evidence of the presence of larvae; sweep
net sampling may be effective at dawn or dusk; specimen identification should be
confirmed by a trained taxonomist (Venette et al., 2003; USDA, 1982). However,
not all sampling methods are equally effective for all life-stages of the insect.
Eggs are only likely to be found by visual inspection of leaves. First through third
instars may be detected by sweep net sampling; nearly all instars can be
detected by visual inspection of plants; and, later instars (4th-6th) and pupae
may be found by sieving soil samples (Abul-Nasr and Naguib, 1968; Abul-Nasr et
al., 1971).

Active traps (either light- or pheromone-based) have been recommended for
monitoring relative densities of adults (DEFRA, 1999). Pheromone traps can be
used to monitor the incidence of S. littoralis (Rizk et al., 1990). The synthetic sex
pheromone (Z,E)-(9,11)-tetradecadienyl acetate has proven highly effective at
trapping male moths of S. littoralis (Salem and Salama, 1985). Kehat and
Dunkelblum (1993) found that the minor sex pheromone component, (9Z,122)-
9,12-tetradecadienyl acetate in addition to the major component (92,112)-9,11-
tetradecadienyl acetate was required for to attract males. Sex-pheromone baited
delta traps remained attractive for approximately 2 weeks, but effectiveness
declined after 3 to 4 weeks of use (Ahmad, 1988). To monitor male flight activity
in vegetable production areas, delta traps were placed 1.7 meters above the
ground at a rate of 2 traps/hectare (approximately 1 trap/acre) (Ahmad, 1988).
Pheromone lures impregnated with 2 mg of the pheromone blend (blend not
specified) were replaced after 4 weeks of use (Ahmad, 1988).

Traps are deployed at a similar height (1.5 meters) to monitor male flight in

cotton (Salem and Salama, 1985). Catches in pheromone traps did not correlate
as well with densities of egg-masses in cotton fields as did catches in a black-
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light trap (Rizk et al., 1990). The attractiveness of traps baited with (Z,E)-(9,11)-
tetradecadienyl acetate is governed primarily by minimum air temperature;
relative humidity, adult abundance, and wind velocity (Venette et al., 2003).
Densities of female S. littoralis also affect the number of males that are captures
at different times of the year (Rizk et al., 1990). Lures for S. littoralis can be used
in the same traps with lures for S. litura, Helicoverpa armigera, Pectinophora
scutigera (all not known to occur in the U.S.), and P. gossypiella (exotic
established in U.S.) (Venette et al., 2003). Lures for S. littoralis may also attract
Erastria spp. (established in U.S.) (PPQ, 1993).

Light traps using a 125 W mercury-vapor bulb have been used to
nondiscriminately capture multiple Spodoptera spp. (Blair, 1974) and most
assuredly other insects as well. A modified light trap using six 20-W fluorescent
lights also proved an effective for monitoring flight activity of S. littoralis (EI-
Mezayyen et al., 1997).

See http://www.aphis.usda.gov/ppa/manuals/pdf files/INPRG-Spodoptera.pdf for
additional survey information.

Key Diagnostics

S. littoralis is often confused with S. litura and the variability and similarity of the
two species makes correct identification difficult and examination of adult
genitalia is often the only certain method. For more information on morphological
discrimination between the adult, pupal and larval stages of the two species,
refer to Schmutterer (1969), Cayrol (1972), Mochida (1973) and Brown and
Dewhurst (1975). Although markings on larvae are variable, a bright-yellow
stripe along the length of the dorsal surface is characteristic of S. litura. On
dissection of the genitalia, the ductus and ostium bursae are the same length in
female S. littoralis, whereas they are different lengths in S. litura. The shape of
the juxta in males in both species is very characteristic, and the ornamentation of
the aedeagus vesica is also diagnostic.
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Spodoptera litura

Scientific Name
Spodoptera litura Fabricius

Synonyms:
Mamestra albispars, Noctua elata, Noctua histrionica, Prodenia ciligera, Prodenia

declinata, Prodenia evanescens, Prodenia glaucistriga, Prodenia litura, Prodenia
subterminalis, Prodenia tasmanica, Noctua litura, Prodenia testaceoides,
Prodenia littoralis, Spodoptera littoralis

Common Name(s)

Armyworm, taro caterpillar, tobacco budworm, cotton leafworm, rice cutworm,
cluster caterpillar, cotton worm, Egyptian cotton leafworm, tobacco caterpillar,
tobacco cutworm, tobacco leaf caterpillar, common cutworm

Type of Pest
Moth

Taxonomic Position
Class: Insecta, Order: Lepidoptera, Family: Noctuidae

Reason for Inclusion in Manual

NATIONAL
THREAT

Pest Description

The two Old World cotton leafworm species, Spodoptera litura and S. littoralis,
are allopatric, their ranges covering Asia and Africa, Europe and the Middle East,
respectively. Many authors have regarded them as the same species, but they
have been differentiated based on adult genitalia differences.

Eqgs: Spherical, somewhat flattened, 0.6 mm in diameter, laid in batches and
covered with hair scales from the tip of the abdomen of the female moth. Usually
pale orange-brown or pink in color (Fig. 1). EQg masses measure about 4 to 7
mm in diameter and appear golden brown, because they are covered with body
scales of females (CABI, 2004).

Larva: Larva hairless, variable in color (young larvae are light green, the later
instars are dark green to brown on their backs, lighter underneath) (Fig. 1); sides
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of body with dark and light longitudinal bands; dorsal side with two dark
semilunar spots laterally on each segment, except for the prothorax; spots on the
first and eighth abdominal segments larger than others, interrupting the lateral
lines on the first segment. Though the markings are variable, a bright-yellow
stripe along the length of the dorsal surface is characteristic of S. litura larvae
(CABI, 2004). Larval instars can be distinguished based on head capsule width
ranging from 2.7 to 25 mm, and body length ranges from 2.3 to 32 mm.

Figure 1. (Left) egg mass with parasites (center) larva, and (right) adult.
Photos courtesy of CABI, 2004.

Pupa: 15 to 20 mm long, red-brown; tip of abdomen with two small spines.

Adult: Moth, with grey-brown body (Fig. 1), 15 to 20 mm long; wingspan 30 to 38
mm. The forewings are grey to reddish-brown with a strongly variegated pattern
and paler lines along the veins (in males, bluish areas occur on the wing base
and tip); the hindwings are grayish-white with grey margins, often with dark veins
in S. litura (but without in S. littoralis) (CABI, 2004). See Schmutterer (1969),
Cayrol (1972), and Brown and Dewhurst (1975) for additional information.

Pest Importance

S. litura larvae are polyphagous defoliators, seasonally common in annual and
perennial agricultural systems in tropical and temperate Asia. This noctuid is
often found as part of a complex of lepidopteran and non-lepidopteran foliar
feeders, but may also damage tubers and roots. Hosts include field crops grown
for food and fiber, plantation and forestry crops, as well as certain weed species.

S. litura is also a member of a complex that causes extensive defoliation of
soybean (Bhattacharjee and Ghude, 1985). Defoliation as severe as 48.7%
during the pre-bloom stage of growth caused no 'marked' difference from a
control treatment in which defoliation was prevented by repeated insecticide
application. Number and weight of pods and grains per plant were, however,
reduced when defoliation occurred at, or after, blooming.

Most work on the economic impact of S. litura has been conducted in India,
where it is a serious pest of a range of field crops. It has caused 12 to 23% loss
to tomatoes in the monsoon season, and 9 to 24% loss in the winter (Patnaik,
1998). In a 40- to 45-day-old potato crop, damage ranged from 20 to 100% in
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different parts of the field depending on moisture availability. Larvae also
attacked exposed tubers when young succulent leaves were unavailable.

S. litura is also a pest of sugarbeet, with infestations commencing in March and
peaking in late March and April (Chatterjee and Nayak, 1987). Severe
infestations led to the skeletonization of leaves, as well as feeding holes in roots
that rendered the crop 'virtually unfit for marketing'. Late harvested crops were
most severely affected and, in extreme cases, 100% of the roots were damaged,
leading to considerable yield reduction. Work on this species in a complex of
other sugarbeet defoliators (S. exigua and Spilosoma obliqua) led to the
development of an interactive exponential model based on length and severity of
defoliation. It explained 88 to 90% of the variability in root and sugar yields and
suggested the need for pest control when defoliation exceeded 25% during April.
Control was not required if the pest appeared after the first week of May (Singh
and Sethi, 1993).

S. litura is one of six defoliating pests of fodder cowpea which, in a field
experiment, were responsible for consuming up to 85.5% of leaf area (Ram et al.,
1989). Aroid tuber crops (including taro (Colocasia esculenta)) suffered yield
losses of up to 29% as a result of infestation by S. litura, Aphis gossypii and
spider mites (Pillai et al., 1993).

In peanut, S. litura is one of several pests that can be important during the
pegging, podding and pod maturation stages of growth (Singh and Sachan,
1992). Several studies have aimed at quantifying the damage attributable to S.
litura. Field experiments by Panchabhavi and Raj (1987) extended over 2 years,
used artificial infestation of peanut plots of 15 m? with differing densities of S.
litura. Infestation levels of just three egg masses (of 250 eggs each) caused
significant loss of peanut pods and haulms. Infestation with 12 egg masses per
plot led to a haulm yield reduction of up to 43.7% and a pod yield reduction as
high as 27% compared with an insecticide-protected control treatment. In other
field experiments over 3 consecutive years, leaf damage attributed to S. litura
tended to decline with delayed sowing time irrespective of peanut cultivar (Patil et
al., 1996). Leaf damage fell from 51.8% for mid-June sown crops to 19.2% for
late-July sown crops. Mean pod yields were 2.68 and 0.99 tons/hectare,
respectively.

S. litura causes damage to many species of forest and plantation trees and
shrubs (Roychoudhury et al., 1995). It is responsible for brown flag syndrome in
banana (Ranjith et al., 1997), and 5 to 10% fruit damage in grapes (Balikai et al.,
1999). In Paulownia nurseries and plantations, a complex of at least 24
defoliating pest species causes damage. Within this complex, S. litura was
considered the most important noctuid species, with an incidence of 72% in
weekly surveys (Kumar and Ahmad, 1998). Peak activity occurred in July and
September, with an average of 6.5 and 5.2 larvae per plant in these months,
respectively. During this period, many plants were completely defoliated by S.
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litura. In teak, it is one of about 139 defoliators that attack all stages from
seedlings to mature trees (Roychoudhury et al., 1995). S. litura is abundant on
teak in June and July and damage incidence in seedlings has been reported to
be as high as 56%. Late-instar larvae were found to feed preferentially on mature
teak leaves, whilst early instars fed on leaves of intermediate age. High
concentrations of polyphenols in young leaves (Roychoudhury et al., 1995) may
reduce their attractiveness to S. litura larvae but differing levels of susceptibility
among nine teak clones were attributed to the nitrogen:potassium ratio of the
foliage (Roychoudhury et al., 1998).

Studies elsewhere in southern Asia illustrate the economic impact of S. litura. In
Pakistan, it is one of several lepidopteran pests attacking a wide range of crops
including cotton and rice (Ahmad and Kamaluddin, 1987), as well as cabbage,
tobacco, groundnut, soybean, alfalfa, gram, cowpea, tomato, cauliflower, carrot,
onion, brinjal, turnip, radish and spinach (Maree et al., 1999).

Symptoms/Signs
On most crops, damage arises from extensive feeding by larvae, leading to
complete stripping of the plants.

Cotton: Leaves are heavily attacked and bolls have large holes in them from
which yellowish-green to dark-green larval excrement protrudes.

Tobacco: Leaves develop irregular, brownish-red patches and the stem base
may be gnawed off.

Maize: The stems are often mined and young grains in the ear may be injured.

Known Hosts

The host range of S. litura covers at least 120 species. Among the main crop
species attacked by S. litura in the tropics are Colocasia esculenta, cotton, flax,
peanuts, jute, alfalfa, maize, rice, soybeans, tea, tobacco, vegetables, eggplants,
Brassica spp., Capsicum spp., cucurbit vegetables, Phaseolus spp., potatoes,
sweet potatoes and Vigna spp. Other hosts include ornamentals, wild plants,
weeds and shade trees (for example, Leucaena leucocephala, the shade tree of
cocoa plantations in Indonesia).

Both S. litura and S. littoralis are widely polyphagous (Brown and Dewhurst,
1975; Holloway, 1989).

Major Hosts

Abelmoschus esculentus (okra), Acacia mangium (brown salwood), Allium cepa
(onion), Amaranthus (grain amaranth), Arachis hypogaea (groundnut), Beta
vulgaris var. saccharifera (sugarbeet), Boehmeria nivea (ramie), Brassica,
Brassica oleracea var. botrytis (cauliflower), Brassica oleracea var. capitata
(cabbage), Camellia sinensis (tea), Capsicum frutescens (chilli), Cicer arietinum
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(chickpea), Citrus, Coffea (coffee), Colocasia esculenta (taro), Corchorus (jutes),
Corchorus olitorius (jute), Coriandrum sativum (coriander), Crotalaria juncea
(sunn hemp), Cynara scolymus (artichoke), Fabaceae (leguminous plants),
Foeniculum vulgare (fennel), Fragaria ananassa (strawberry), Gladiolus hybrids
(gladiola), Glycine max (soybean), Gossypium (cotton), Gossypium hirsutum
(Bourbon cotton), Helianthus annuus (sunflower), Hevea brasiliensis (rubber),
Ipomoea batatas (sweet potato), Jatropha curcas (Barbados nut), Lathyrus
odoratus (sweet pea), Lilium spp. (lily), Linum usitatissimum (flax), Lycopersicon
esculentum (tomato), Malus domestica (apple), Manihot esculenta (cassava),
Medicago sativa (alfalfa), Morus alba (mora), Musa spp. (banana), Nicotiana
tabacum (tobacco), Oryza sativa (rice), Papaver (poppies), Paulownia tomentosa
(paulownia), Phaseolus (beans), Piper nigrum (black pepper), Poaceae
(grasses), Psophocarpus tetragonolobus (winged bean), Raphanus sativus
(radish), Ricinus communis (castor bean), Rosa (roses), Sesbania grandiflora
(agati), Solanum melongena (eggplant), Solanum tuberosum (potato), Sorghum
bicolor (sorghum), Syzygium aromaticum (clove), Tectona grandis (teak),
Theobroma cacao (cocoa), Trigonella foenum-graecum (fenugreek), Vigna
mungo (black gram), Vigna radiata (mung bean), Vigna unguiculata (cowpea),
Vitis vinifera (grape), Zea mays (maize), and Zinnia elegans (Zinnia).

Known Distribution

The tobacco caterpillar, S. litura, is one of the most important insect pests of
agricultural crops in the Asian tropics. This species is widely distributed
throughout tropical and temperate Asia, Australasia and the Pacific Islands
(Feaking, 1973; Kranz et al., 1977).

Potential Distribution Within the US
The pest is present in Hawaii, but is not recorded from the continental U.S.

Survey

The presence of newly hatched larvae can be detected by the 'scratch' marks
they make on the leaf surface. The older larvae are night-feeders and are usually
found in the soil around the base of plants during the day. They chew large areas
of the leaf, and can, at high population densities, strip a crop of its leaves. In
such cases, larvae migrate in large groups from one field to another in search of
food.

Developments in pheromone technology have made it possible to monitor S.
litura in the field, to improve on timing of plant protection measures within peanut
IPM programs.

The identification of a male sex pheromone of S. litura, (ZE) 9,11-tetradecadienyl
acetate and (ZE) 9,12-tetradecadienyl acetate by Youshima et al. (1974) has
enabled effective monitoring of this species for several years. The basic work
regarding trap design, height, longevity of the septa, and the potential role of this
technology in peanut has been thoroughly studied at ICRISAT Center,
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Hyderabad, India over the past decade. These studies have clearly indicated the
migratory behavior of the species in different areas. At present, pheromone
technology has given high priority in monitoring for timing of plant protection
measures within peanut IPM programs. The studies on trap density in peanut
situations indicated no significant differences in moth catches when there were
four or more traps per hectare. No decline was noticed in moth catch with
increase in trap density. This indirectly suggests a limited utility in mass trapping
operations (Ranga Rao et al., 1989).

Key Diagnostics

S. litura can be easily confused with S. littoralis as in both cases adults and
larvae are similar, and they can be distinguished only through examination of
genitalia. On dissection of the genitalia, ductus and ostium bursae are the same
length in female S. littoralis, different lengths in S. litura. The shape of the juxta in
males is very characteristic, and the ornamentation of the aedeagus vesica is
also diagnostic. The presence of newly hatched larvae can be detected by the
'scratch marks' they make on the leaf surface.

For more information on the morphological discrimination between the adult,
pupal and larval stages of the two species, see Mochida (1973).
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Stink Bugs

Acrosternum hilare
Nezara viridula

Euschistus servus
Halyomorpha halys

Scientific Names - Common Name(s)
Acrosternum hilare Say — Green stink bug

Nezara viridula Linnaeus — Southern green stink bug
Euschistus servus Say — Brown stink bug
Halyomorpha halys Stal — Brown marmorated stink bug

Type of Pest
Stink bugs

Taxonomic Position
Class: Insecta, Order: Heteroptera, Family: Pentatomidae

Reason for Inclusion in Manual

EASTERN
REGIONAL
THREAT

Pest Description

Adults: Flattened, shield-shaped, and with fully developed wings (Fig. 1). Adults

are frequent flyers. Stink bugs can be recognized by their ovoid, triangular body

shape, narrow head, five segmented antennae, and malodorous scent. They are
usually either green or brown.

Eqgs: Barrel-shaped and are laid in regular clusters on the undersides of leaves.

Immatures (nymphs): Resemble the adults (colors are widely variable), except
their wings are not fully developed and are not reproductively mature.

Pest Importance
Stink bugs can greatly impact soybean production as they are primarily attracted
to reproductive stages and prefer to feed on developing seeds. While feeding,
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stink bugs inject digestive enzymes into seeds, and the resulting wound also
provides a site for disease entry. Stink bug feeding thus reduces pod
development and seed quality and renders beans more likely to deteriorate in
storage. Effected seed can have reduced germination if used for planting. Nezara
viridula is the most important of the stink bugs attacking soybeans, because it
also attacks several other cultivated crops. Annual soybean losses to N. viridula
have been estimated as high as $23.5 million in Georgia alone (McPherson and
McPherson, 2000). Throughout North America, A. hilare is tied for second in
importance among all insects attacking soybean pods and seeds.

-

Figure 1. Stinkbug adults from left to right: Southern green stink bug Nezara viridula,
Photo courtesy of Russ Ottens, The Bugwood Network; Green stink bug Acrosternum
hilare, Photo courtesy of Marlin Rice, lowa State University; Brown stink bug Euschistus
servus, Photo courtesy of Marlin Rice, lowa State University; and Brown marmorated
stink bug Halyomorpha halys Photo courtesy of David R. Lance, USDA, APHIS, PPQ.

Symptoms/Signs

Both adults and nymphs of stink bugs have piercing and sucking mouth parts that
act like hypodermic needles to remove the plant's fluids. Although both feed
primarily on developing seeds and green pods of soybean, they also feed on
plant stems, foliage, and blooms. Usually the location of feeding punctures can
be recognized by the presence of small brown or black spots. Damaged pods
have puncture marks surrounded by a darkened area of dead tissue. Young
seeds can be deformed, undersized or even aborted, whereas older seeds are
discolored and shriveled. Feeding damage can delay plant maturity and cause
the abnormal production of leaflets and pods, a condition referred to as the
‘green bean effect’. Feeding by A. hilare, E. servus, and H. halys also causes
‘cat-facing’ scars on the fruit, making it unmarketable.

Known Hosts

Stink bugs feed on a wide range of cultivated and wild host plants. Cultivated
hosts include: soybean, snapbeans, corn, cotton, clover, peas, okra, lima beans,
peaches, and alfalfa. Halyomorpha halys have a particular affinity for Fuji apples,
as reported from Japan, China and South Korea. Stink bugs also feed on a large
number of wild hosts including: black locust, elderberry, honey locust, wild
cherry, mimosa, redbud, dogwood, box elder, silver maple, Norway maple,
European linden (bass-wood), American linden, wild cherry, elderberry, black-
haw, peach, apple, catalpa, and grasses.
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Known Distribution

Acrosternum hilare ranges from Quebec and New England west through
southern Canada and the northern United States to the Pacific Coast and south
and southwest to Florida, Texas, Arizona, Utah, and California (McPherson
1982). Nezara viridula is believed to have originated in Ethiopia and spread to
Europe, Asia, Africa and North and South America.

Potential Distribution Within the US

In the United States, A. hilare replaces N. viridula farther north and the two
species are joined by the E. servus complex in the south (McPherson and
McPherson, 2000). Euschistus servus is more wide ranging and occurs
throughout the North America, comprising two subspecies, E. subsp. servus, that
occurs from the southeastern U.S. west through Louisiana, Texas, New Mexico,
and Arizona into California; and E. subsp. euschistoides, that occurs across
Canada and the northern part of the U.S. (McPherson, 1982). The two
subspecies intergrade in a broad band from Maryland to Kansas (Sailer, 1954).
Halyomorpha halys is indigenous to Asia and was recently recorded for the first
time in the U.S. in Allentown, Pennsylvania.

Survey

Adults and late instar nymphs can be sampled using sweep nets or drop cloths.
Several sites in a given field should be sampled because of the insect's clumped
distribution. Females are highly attracted to the soybean plant during bloom
stage, so fields in flower should be sampled first. Counts of later-instar nymphs
and adults can be combined for purposes of management decisions. Soybeans
should be checked periodically for stink bug injury throughout pod development.

Key Diagnostics

Stink bugs can be recognized by their ovoid, triangular body shape, narrow head,
five segmented antennae, and malodorous scent. They are usually either green
or brown. Usually the location of feeding punctures can be recognized by the
presence of small brown or black spots. Damaged pods have puncture marks
surrounded by a darkened area of dead tissue.
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Thrips

Frankliniella intonsa

Scientific Name
Frankliniella intonsa Trybom

Synonyms:
Frankliniella breviceps, Frankliniella brevistylis, Frankliniella formosae f.sp.

tricolor, Frankliniella intonsa f.sp. norashensis, Frankliniella intonsa var. Maritima,
Frankliniella intonsa var. Rufula, Frankliniella vicina, Physopus brevistylis,
Physopus vulgatissimus, Physopus vulgatissimus var. Adusta, Physopus
vulgatissimus var. Albicornis, Physopus vulgatissimus var. Fulvicornis, Physopus
vulgatissimus var. Nigropilosa, Thrips intonsa, Frankliniella formosae

Common Name(s)
Taiwan flower thrips, flower thrips

Type of Pest
Thrips

Taxonomic position:
Class: Insecta, Order: Thysanoptera, Family: Thripidae

Reason for inclusion in manual

NATIONAL
THREAT

Pest Description

First larval instar: Posterior margin of abdominal segment 9 with about 12
narrowly cuneate processes dorsally and laterally, each approximately 4 um long
and arranged at regular intervals. Integument dorsally with indistinct oval plaques
devoid of microtrichia; from mesothorax to abdominal segment 8 dorsally with
minute circular plaques each bearing a microtrichium. Integument of thoracic
segments and first segment ventrally with small oblong plaques devoid of
microtrichia; abdominal segment 2 to 8 as in dorsal aspect. Setae with 'knobbed'-
apices are D1 and D2 of abdominal segment 9 and D1 on segment 10. The other
setae are pointed. The longest setae on the meso- and metathoracic coxae are
25 to 30 ym long. (Speyer and Parr, 1941).
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Second larval instar: Orange-yellow. Posterior margin of abdominal segment 9
with a yellowish-grey band dorsally, which includes the median setae insertions.
Posterior half of abdominal segment 10 yellowish-grey. Posterior margin of
abdominal segment 9 dorsally and laterally has 18 narrowly cuneate processes,
each about 4 pm long, arranged at irregular intervals; laterally these processes
are longer. Mesothorax up to abdominal segment 13 has transverse rows of
small lightly raised rounded or oval plaques, the majority of which bear a short
microtrichium; upon the abdominal segment 7 and 8, the microtrichia become
longer; thorax and first abdominal segment has rather more prominent oval or
oblong plaques devoid of microtrichia dorsally; abdominal segment 2 to 8
ventrally as in dorsal aspect. Abdominal segment 2 and 8 with small peritremes,
about 10 ym in diameter. All setae are pointed (Speyer and Parr, 1941).

Adult female: Head wider than long, widest at base; faintly striate posteriorly;
interocellar setae developed, placed within the ocellar triangle. Fourth postocular
setae pair most developed, whereas first to third pairs are small. Antennal
segments 1 and 2 are brown, second darker; 3 to 5 yellowish; apices of
segments 4 and 5 brownish; 6 to 8 brown; segments 3 and 4 each with forked
sensory cone. Mouth-cone narrowly rounded in shape. Pronotum nearly smooth,
major setae developed; anteroangular setae slightly longer than anteromarginals;
posteroangular setae with inner pair longer than other pair. Legs predominantly
yellow; femora, mid and hind tibiae darkened medially; hind tibiae with row of
spine-like setae on inner margin. Forewings clear yellow; vein setae, strong,
dark; posterior fringe cilia wavy; scale yellow. Mesonotum with faint, widely
spaced transverse striae. Metascutum transverse reticulate medially;
longitudinally striate laterally; median setae long, placed near anterior margin.
Abdominal tergites with weak lateral setae developed, placed far apart. Tergite 8
with sparse comb of microtrichia on posterior margin. Tergites 9 and 10 with
long, dark apical setae, pointed at apex. Sternites without accessory setae;
sternite 6 with inner pair of
posteromarginal setae placed
anterior of posterior margin
(Reyes, 1994).

Adult male: Similar in structure to A Le "% 1 1

females. Head yellow in color; m;ﬁ 5.4‘ N 1 3 ﬂ Ilb
thorax orange-yellow; abdomen P .5.;..{,_;\;‘ i

grey; antennal segments 1to 5
yellow; apices of segments 4 and 5
brown; segments 6 to 8 brown.
Abdominal tergite 9 with B1 setae
pale, moderately stout, pointed at

apex: lateral setae dark. stout and Figure 1. Adult F. intonsa. Photo courtesy
peXx; ’ of Maria Pobozniak, Department of Plant

pointed at apex. Abdominal Protection, Agricultural University of
sternites 3 to 7 each with a Cracow, Poland.
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transverse glandular area (Reyes, 1994).

Pest Importance

In only a few crops has economic damage been ascribed specifically to the
occurrence of Frankliniella intonsa: asparagus (Tang, 1975), chrysanthemum
(Wang, 1982), okra (Toyota, 1972), tomatoes (Toyota, 1972; Murai, 1988) and
peas (Wang, 1990; Fang, 1996). As part of a pest complex, F. intonsa has been
associated with economic damage to strawberries in Italy and the United
Kingdom (Buxton and Easterbrook, 1988; Gremo et al., 1997), alfalfa in former
Czechoslovakia (Rotrekl, 1985) and nectarines in Greece (Kourmadas et al.,
1982).

Symptoms/Signs

F. intonsa causes direct damage by feeding (suction injury) and egg laying in
fruits. In mixed thrips populations, it is almost impossible to determine the
specific damage caused by F. intonsa, although the following symptoms have
been recorded: skin 'russeting' of nectarines; diminished fruit set in alfalfa; and
distorted strawberry fruits (Kourmadas et al., 1982; Rotrekl, 1985; Buxton and
Easterbrook, 1988; Gremo et al., 1997). In Taiwan and Japan, F. intonsa is
known to damage different stages of pea (Fang, 1996; Kakizaki, 1996). Hachiya
(1990) determined that on adzuki bean (Vigna angularis), almost 10 adults were
required per flower to cause visible damage (CABI, 2004)

In Japan, the occurrence of white swellings and spots on tomato fruit caused by
oviposition by F. intonsa was confirmed (Murai, 1988). This injury was recorded
all over Japan, and its occurrence was greater than 30% in some regions.

Indirect damage is caused by the transmission of tospoviruses. Symptoms
caused by tospovirus transmission are described by Loebenstein et al. (1995).

Known Hosts

F. intonsa has been recorded from many different plant species. Miyazaki and
Kudo (1988) present a list of 146 species recorded as host plants and other
records add many other plants on which the thrips have been found. Some of the
plants mentioned in these lists are probably not true hosts, however, as thrips
reproduction on the host was not always established (Mound and Teulon, 1995).
F. intonsa normally occurs together with other Thripidae in flowers, necessitating
identification of individual larvae to establish evidence of reproductive hosts. With
respect to reproduction, F. intonsa is highly dependent on pollen (Murai and Ishii,
1982).

Major hosts

Abelmoschus esculentus (okra), Arachis hypogaea (groundnut), Asparagus
officinalis (asparagus), Capsicum annuum (bell pepper), Chrysanthemum
indicum (chrysanthemum), Fragaria spp. (strawberry), Glycine max (soybean),
Gossypium (cotton), Lycopersicon esculentum (tomato), Medicago sativa
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(alfalfa), Oryza sativa (rice), Phaseolus vulgaris (common bean), Pisum sativum
(pea), Prunus persica (peach), Rosa spp. (rose), and Vigna angularis (adzuki
bean)

Known Distribution

In Asia, F. intonsa is easily transported by the international cut flower trade.
Many consignments of cut chrysanthemum flowers grown in Taiwan for export to
Japan fail quarantine examinations, in part due to the presence of F. intonsa
(Wang, 1982). In the Netherlands, the number of interceptions of F. intonsa is far
less than those of F. occidentalis or F. schultzei (Vierbergen, 1992). During the
summer, F. intonsa is known to occur in greenhouses in Europe (Vierbergen,
1988; Sauer, 1997), but unlike most greenhouse insects, spread to other
countries with intensive greenhouse culture has not been reported.

Potential Distribution Within the US
F. intonsa is present in Washington State and Oregon.

Survey

Flower thrips, like F. intonsa, are most commonly found inside flowers, feeding
mostly on pollen. Several collection methods can be used for detection, collecting
and conservation of larvae, including removal with a moist paintbrush, and
beating from affected plant parts onto a suitably colored board or a white cloth
(fixed in a frame). Dragging vegetation with fine-mesh nets collects both larvae
and adults. For collecting thrips, specimens can be preserved initially in a tube
with ethyl alcohol and a small amount of glycerine (Mantel and Vierbergen,
1996).

Plant parts can be enclosed in a plastic bag, in which a piece of filter paper is
enclosed to absorb condensation. After 24 hours, most thrips leave the plant
material and can be found on the inside of the closed bag.

Affected plant material, such as ears, turf, fallen leaves, moss and dead
branches of trees can be processed in a Berlese apparatus after the method of
Loser and Wetzel (1983). Modifying the apparatus by using an electric light bulb
and closed lid resulted in most thrips being collected within 48 hours, due to heat
and drying of the plant material.

Winged adults can be caught using yellow or blue sticky boards (Fang, 1993;
Song et al., 1997). For microscopic research the boards have to be covered with
transparent plastic. The specimen, together with a piece of the plastic and a
small amount of glue can then be removed and placed in dichlormethan. After
dissolving of the glue, the specimen is then ready for preparation (CABI, 2004)
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Key Diagnostics

Microscopic slide preparation is required for accurate identification. Non-
permanent slides can be made using lactic acid or Hoyer's solution, whereas
permanent preparations can be made using Canada balsam (CABI, 2004).

Frankliniella is a large genus that includes about 150 species. Moulton (1948)
reviewed the genus and provided keys for the identification of Frankliniella
species known at the time, including F. intonsa. The species most commonly
confused with F. intonsa is the cosmopolitan western flower thrips (F.
occidentalis). Adults of F. intonsa can be distinguished from F. occidentalis by
the length of postocular seta i3, which in F. occidentalis is more (and F. intonsa
less) than three times the length of each of the other postocular setae. The
metanotal campaniform sensillae are always missing in F. intonsa and are
normally present in F. occidentalis.
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Thrips palmi

Scientific Name
Thrips palmi Karny

Synonyms:
Chloethrips aureus, Thrips clarus, Thrips gossypicola, Thrips gracilis, Thrips

leucadophilus, Thrips nilgiriensis

Common Name(s)
Melon thrips, oriental thrips, southern yellow thrips

Type of Pest
Thrips

Taxonomic Position
Class: Insecta, Order: Thysanoptera, Family: Thripidae

Reason for Inclusion in Manual

EASTERN
REGIONAL
THREAT

Pest Description

Adults: Thysanoptera adults can usually be
distinguished from other insects by their slender
wings which are fringed with long hairs. However,
the adults of many species are wingless as are the
young stages. Adults also differ from other insects in
having an eversible bladder on each tarsus, and only
have a single mandible in their heads. Two
suborders are recognized; in one the females have a
saw-like ovipositor, whereas in the other, both sexes

Figure 1. Adult T.
palmi Female.

, Photo courtesy of Yu
have the last abdominal segment tubular. Yan-Fen (CABI,

2004).

The structure of the mouthparts of adult females of

Thrips palmi have been examined by Yasumi et al. (1994); the morphology of
mouthparts, and the feeding marks on injured leaves indicate that T. palmi is a
sap feeder.

Female: Color pale yellow (Figs. 1, 2), except antennal segment Il usually dark
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at apex, IV and V usually dark with base pale, VI and VII dark; forewings pale.
Antennae with seven segments, terminal segment small; segments Il and IV with
forked sense cones. Head with no setae directly in front of first ocellus, one pair
lateral to first ocellus and a smaller pair nearer the compound eyes; postocellar
and postocular setae small. Pronotum with two pairs of long posteroangular
setae, remaining setae small; surface with faint transverse lines. Metanotum with
median pair of setae not at anterior margin, sculpture converging to posterior,
paired companiform sensilla present. Forewing first vein with only 2 or 3 setae
distally but with about 7 setae basally; second vein with a row of about 12 setae.
Abdominal tergite VIII posterior margin with a comb of long, fine microtrichia,
paired ctenidia present posteromedially from the spiracles; tergite 1X with two
pairs of campaniform sensilla; tergite Il with 4 lateral setae; median tergites with
median setae shorter than the distance between their
bases, and no sculpture medially, lateral sculpture
without microtrichia. Abdominal sternites with 3 pairs of
posteromarginal setae, but no discal setae;
pleurotergites lacking microtrichia and discal setae.

Male: Similar to female but smaller; tergite 1l sometimes
with only 3 lateral setae; tergite VIII posteromarginal
comb often absent laterally; tergite IX setae B1 slightly
shorter than, but in line with B2 setae; sternites Il to VII
each with a large transverse glandular area.

Larvae: In common with other, similar thrips species, T.
palmi has two larval stages and two pupal stages. The
second-instar larvae (Fig. 3) can be distinguished from

) igure " Adult T.

those of other species by details of the sculpture of the palmi. Photo
dorsal surface, but specimens are even more difficult to courtesy of
prepare for study than are adults. Miyazaki and Kudo Zenkoko Noson,
(1986) provide an identification key to several species, Kyoiku Kyoiku Co.
which are common in the Oriental region. Ltd, Japan

Pest Importance

Walker (1992, 1994) has reviewed the pest status
of T. palmi; much of the information given here is
from these reviews, together with updated
information the last 5 years of published
information. The importance of the pest on
vegetable crops in Southeast Asia was
emphasized by a workshop held in Bangkok,
Thailand (Talekar, 1991) where seven of the eight
papers presented listed T. palmi as causing
concern for vegetable growers in their region.

Figure 3. Second-instar
larvae. Photo courtesy of Y.
Hirose (CABI, 2004).

The economic injury density in Japan has been
estimated at 0.105 adults per flower or 4.4 adults
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per sticky trap per day on Capsicum annuum in greenhouses (Morishita and
Azuma, 1988), assuming an acceptable yield loss of 5% of the maximum yield.
Kawai (1986b) also reported that economic injury thresholds were low in
greenhouses in Japan, assuming an acceptable yield loss of 5% of the maximum
yield, with 0.08 and 4.4 adults per leaf for eggplant and cucumber, respectively,
and 0.11 adults per flower for C. annuum. Morishita and Azuma (1989)
considered counting injured fruits to be a better sampling method than counting
insects on leaves.

Medina (1980) reported that T. palmi had been found in the Philippines as early
as 1977, and that this outbreak destroyed almost 80% of the watermelon
plantations in central Luzon and Laguna. Plantings of eggplant intended for seed
production had to be abandoned due to severe T. palmi damage and even the
application of insecticide as often as every 4 days failed to provide satisfactory
control (Bernardo, 1991). Chang (1991) lists T. palmi as one of Taiwan's most
important pest thrips; damage was first observed on cucurbits in 1979, but the
species was incorrectly identified as T. flavus. T. palmi has also been identified
as an important pest of potato in Taiwan by SEAMEO SEARCA (1991).

However, Bournier (1986) reported that T. palmi caused insignificant damage on
cotton, tobacco and wild plants in Java, Sumatra and India. Miyazaki et al. (1984)
also observed, during a survey of soybean in Java, that T. palmi did not cause
heavy damage except in one instance on eggplant.

Cooper (1991b) recorded infestations of 300 to 700 T. palmi per leaf on eggplant
and cucumber, resulting in crop losses of 50 to 90% in Trinidad. He suggested
that T. palmi may have been brought to Trinidad in the winds of a tropical
depression during 1988, but it has also been postulated that it may have gained
entry through plant material from another Caribbean island, for example
Martinique, where it is reported as a serious pest. Pantoja et al. (1988) noted that
the climatic conditions in Puerto Rico are favorable for the early development of
large populations of T. palmi on commercial crops, as well as on weeds. Guyot
(1988) reported the disastrous economic effect that T. palmi had in Guadeloupe
when eggplant exports fell from 5000 tons in 1985 to 1600 tons in 1986, and in
Martinique where 37% of the vegetable crops of the two main co-operatives were
attacked by T. palmi, including 90% of eggplant crops.

In Hawaii, Johnson et al. (1989) observed that, together with Aphis gossypii, T.
palmi was the major foliar pest on Oahu (1984-85). Welter et al. (1989) studied
mixed infestations of T. palmi and the western flower thrips, Frankliniella
occidentalis, and noted significant reductions in total cucumber yield, mean fruit
size and total fruit. The population trends of T. palmi on commercial watermelon
plantings in Hawaii were surveyed by Johnson (1986). Peak infestation levels
varied from 2.5 to 53.6 individuals per leaf and from 18 to 97% infested vine tips
per planting.
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Johnson (1986) pointed out that T. palmi could establish itself in the continental
U.S., given the extensive flow of air traffic between Hawaii and the mainland,
especially California, but it was not until 1991 that T. palmi was found in the U.S.,
not in California as predicted by Johnson but in Florida (FAO, 1991). Heavy
infestations were detected on potato, eggplant, Capsicum spp., Phaseolus
vulgaris, yellow squash and several weeds.

Symptoms/Signs

Damage by T. palmi is not unlike that caused by many other species of thrips;
when populations are high, their feeding causes a silvery or bronzed appearance
on the surface of the plant (Fig. 4, 5), especially on the midrib and veins of leaves
and on the surface of fruit. Leaves and terminal shoots become stunted and fruit
is scarred and deformed. Damaged leaves generally show a darkened, glossy,
pearly appearance (Bournier, 1987). Johnson (1986) described heavy damage to
watermelon foliage as bronzing and total destruction of the vine tips.

Bournier (1983, 1987) described damage to cultivated cotton caused by T. palmi
and,

Figure 4. Bean leaf bronzing caused by an infestation of melon
thrips, Thrips palmi.. Photo courtesy of John Capinera, University of
Florida.

among the symptoms, observed that the oldest tissue may thicken, warp and
finally crackle. Damage to cotton seedlings by T. palmi has also been reported in
Thailand by Wangboonkong (1981) if there are long periods of drought early in
the season.

Apart from Karny (1925), who described T. palmi and observed that it infested
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both mature and seedling tobacco in Sumatra, one of the earliest reports of
damage by T. palmi was Ananthakrishnan (1955). He described the damage to
Sesamum plants in Madras, India, as malformation of the stamens, injury to the
ovarian wall and the development of a dark pigment on the fruit wall, instead of
the usual green color.

Damage has been described by Nakazawa (1981) in Japan as yellowing of the

R St W
Figure 5. Eggplant damage caused by melon thrips (left),
Photo courtesy of John Capinera, University of Florida;
Eggplant scaring damage caused by melon thrips (right), Photo
courtesy of FDACS — Division of Plant Industry.

leaves, topping, scratches on the fruits, malformation of the fruits, poor fruiting
and death of the whole plant when populations are high. In Martinique, Denoyes
et al. (1986) described the damage on the leaves of eggplant, cucumber, melon
and other cucurbits. Pantoja et al. (1988) reported severe damage to cucurbits
and solanaceous commercial plantings in 1986 in Puerto Rico, where adult and
immature thrips fed gregariously on leaves, stems, flowers and developing fruits.
Pepper plants became stunted with a bronzed appearance and eggplant plants
showed premature fall of developing fruits and buds, and deformed fruits.

Kawai (1986b) studied the relationship between the density of T. palmi and the
damage to Capsicum annuum and eggplant in Japan. He also studied the
relationship between different densities of T. palmi and injury to cucumbers
grown in a greenhouse (Kawai, 1986¢). The growth of cucumber plants was
retarded when thrip numbers were high. The tolerable pest densities were
estimated at 5.3 adults per leaf for the total fruit yield and 4.4 adults per leaf for
the yield of uninjured fruit (assuming an acceptable yield loss of 5% of the
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maximum yield).

Sakimura et al. (1986) observed that both adults and larvae of T. palmi feed
gregariously on leaves, firstly along the midribs and veins. Stems are attacked,
particularly at or near the growing tip, and are found amongst the petals and
developing ovaries in flowers and on the surface of fruit. They leave numerous
scars and deformities, and finally kill the entire plant.

Known Hosts

Major hosts

Allium cepa (onion), Capsicum (peppers), Capsicum annuum (bell pepper),
Chrysanthemum (daisy), Citrus spp., Cucumis melo (melon), Cucumis sativus
(cucumber), Cucurbita pepo (ornamental gourd), Cucurbitaceae (cucurbits),
Fabaceae (leguminous plants), Glycine max (soybean), Gossypium spp.(cotton),
Helianthus annuus (sunflower), Lactuca sativa (lettuce), Lycopersicon
esculentum (tomato), Mangifera indica (mango), Nicotiana tabacum (tobacco),
Oryza sativa (rice), Persea americana (avocado), Phaseolus (beans), Phaseolus
vulgaris (common bean), Sesamum indicum (sesame), Solanaceae, Solanum
melongena (eggplant), Solanum tuberosum (potato), and Vigna unguiculata
(cowpea)

Known Distribution

Over the past 10 years T. palmi has rapidly become a major pest of cucurbits
and solanaceous plants and has gained a foothold in many tropical regions of the
world.

The oldest voucher specimens of T. palmi in the collections of the Natural History
Museum, London are from Thailand in 1947, India (West Bengal) in 1950,
Pakistan (North West Himalaya) in 1951, Malaysia in 1971, and the Philippines in
1977; most of the available material is from the 1980s. This suggests that T.
palmi, although widespread for many years, has both extended its range and
recently become much more aggressive as a pest. Bournier (1986, 1987)
considered that T. palmi may have been transported by wind to various Pacific
islands, and also by aircraft to Japan on imported greenhouse plants.

Since its discovery in Japan in 1978, it has invaded a number of Pacific Islands,
including Hawaii, and has been reported from northern Australia (Layland, 1991).
It appears to be still spreading in the Caribbean since it was first discovered in
1985 and it has reached the southern U.S. (Florida) and tropical America
(Guyana), Brazil and Argentina. T. palmi has established in Mauritius and
Reunion, and there is one report from the Canary Islands, so it is probably only a
matter of time before it is widely established in Africa. It is already present in
Sudan. Moreover, it has now invaded greenhouses in temperate regions of the
world and has been intercepted on cut flowers imported into Finland.

In Japan, Nakazawa (1981) reported that T. palmi had first been recognized in
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1978 at Miyazaki on Kyushu Island. In 1982, Nakazawa drew attention to the fact
that T. palmi was rapidly extending its range. Since then, various authors have
reported extensive annual outbreaks severely affecting year-round plantings in
many vinyl-covered warmhouses in Okinawa and the warmer coastal strips of
Kyushu and Shikoku, and further north in central Japan (Sakimura et al., 1986).
Outdoor overwintering normally occurs in Okinawa (26°N), but in the southern
part of Kyushu (about 32°N) and further north, there is no overwintering outdoors
and greenhouses serve as foci of summer populations.

Potential Distribution within the US
The pest is present in Florida and Hawaii.

Survey

T. palmi is not easily detectable because of its small size, so quarantine
procedures are difficult to manage and this pest has probably slipped through the
net with increased traffic in plant produce around the world.

Sakimura et al. (1986) observed that both adults and larvae of T. palmi feed
gregariously on leaves, firstly along the midribs and veins. Stems are attacked,
particularly at or near the growing tip, and they are found amongst the petals and
developing ovaries in flowers and on the surface of fruit. They leave numerous
scars and deformities, and finally kill the entire plant. Ho et al. (1993) reported
that old eggplant leaves are a good site for sampling in Taiwan.

Layland et al. (1994) described methods used to monitor T. palmi using blue
sticky-board traps and water-tray traps in Northern Territory, Australia.

Kawai (1983b) explored the relationship between the density of adults on
cucumber plants and the number of individuals trapped by sticky traps in a plastic
greenhouse in Japan. A positive correlation was found between the adult density
per plant and the number of adults trapped. He concluded that adhesive traps
can be used to monitor the relative abundance of T. palmi adults. Kawai (1983b)
tested the attractiveness of blue and white for T. palmi. Huang (1989) observed
that white was the most effective color to attract T. palmi to sticky trap plates and
that 0.5 meters above ground level was the most suitable height to trap thrips.
Layland et al. (1994) used blue sticky-board traps to monitor T. palmi.

Key Diagnostics

T. palmi can easily be confused in the field with several commonly found small,
yellow species of thrips, such as T. flavus, or the pale forms of T. tabaci,
Frankliniella schultzei, F. occidentalis and T. nigropilosus.

T. flavus is generally larger than T. palmi, whereas the yellow species of the
common genus Scirtothrips are smaller. Moreover, the other species mentioned
here nearly always have some brown shading on the abdomen, and T. tabaci is
unusual in lacking red pigment beneath the ocelli.
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A key to the species of adult female terebrantian thrips found on citrus flowers
and floral buds in Florida is provided by Childers and Beshear (1992). Layland et
al. (1994) describe techniques for rapid preparation and identification, with a brief
description of specific characters, which may be used to differentiate T. palmi
from four other closely related, economically important species found in Australia
(T. imaginis, T. tabaci, T. hawaiiensis and T. simplex).

Zur Strassen (1989) stressed the likelihood of T. palmi being introduced into

Europe, described T. palmi, and gave the characters which may be used to
distinguish it from several other species in Europe.
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Diseases

Bacterial Diseases

Pseudomonas savastanoi pv. glycinea

Scientific Name
Pseudomonas savastanoi pv. glycinea Coerper, Gardan et al., 1992

Synonyms:
Pseudomonas syringae pv. glycinea, Pseudomonas glycinea, Pseudomonas

glycinea var. japonica, Pseudomonas syringae pv. glycinea

Common Name(s)
Bacterial blight, bacterial blight of soybean

Type of Pest
Plant pathogenic bacterium

Taxonomic Position
Phylum: Proteobacteria, Class: Gamma Proteobacteria, Order:
Pseudomonadales, Family: Pseudomonadaceae.

Reason for Inclusion in Manual

COMMONLY
CONFUSED

Notes on Nomenclature

Young et al. (1978) proposed a new nomenclature and classification for plant-
pathogenic bacteria and introduced the epithet 'pathovar' for the infrasubspecific
level. All fluorescent oxidase-negative Pseudomonas species (except P.
viridiflava) were assigned to a single species, Pseudomonas syringae, containing
several pathovars. P. savastanoi, which attacks plants of the family Oleaceae,
was reclassified as P. syringae pv. savastanoi. Later, Jansen (1982) elevated the
epithet savastanoi to a new subspecies, Pseudomonas syringae subs.
savastanoi. Gardan et al. (1992) found that Pseudomonas syringae subsp.
savastanoi strains belong to a DNA-related group including strains of P. syringae

163



Pseudomonas savastanoi pv. glycinea Bacterial Diseases
Bacterial blight

pv. phaseolicola and P. syringae pv. glycinea. Thus, Pseudomonas syringae
subs. savastanoi was elevated to species level as P. savastanoi pv. glycinea.

Pest Description

P. savastanoi pv. glycinea is an aerobic Gram-negative bacterium, 1.2 to 1.5 x
2.3 to 3.0 ym rods with rounded ends, and motile with one to several polar
flagella. It develops, white and raised, circular, smooth, glistened, entire margin,
and not viscid colonies on nutrient agar. The optimal temperature for growth is
24° to 26°C, but it can grow from 2° to 35°C. It weakly produces a yellow green,
water soluble, fluorescent pigment in culture, and several toxins, responsible for
some of the symptoms. The pathogen has several races, of which nine where
found in the U.S. (Sinclair, 1999; Prom and Venette, 1997).

Biology and Ecology

P. savastanoi pv. glycinea survives in infected seeds and in soybean debris on
the soil surface or buried, especially under dry and cold conditions (Park and
Lim, 1985). Populations of the pathogen on seedlings from infected seeds may
also be a significant source of inoculum for leaf infections (Daft and Leben,
1972). The pathogen enters the plant through stomata, multiplies in the
intercellular spaces of the mesophyll, and produce toxins, which inhibit
chlorophyll synthesis. Bacterial slime and fluids fill the intercellular spaces
leading to the typical water-soaked lesions within 5 to 7 days. The bacterium is
spread during windy rainstorms or cultivation while foliage is wet (Sinclair, 1999),
and it can grow as epiphyte on buds and leaves until the proper temperature and
moisture levels develop for infection (May et al., 1997).

P. savastanoi pv. glycinea can infect seeds through the pods during the growing
season or during harvest. Its incidence in seeds may reach to >90%, and it can
survive for 18 months or two years in seeds stored at 22°C or 3°C, respectively
(Nicholson et al., 1973).

Bacterial blight may be controlled by the use of
resistant cultivars. Most present cultivars have
moderate levels of resistance. Four resistance
genes, Rpg1, Rpg2, Rpg3, and Rpg4 have been
identified. Planting of pathogen free-seeds, and
crop rotation with non-susceptible crops to the
pathogen are also recommended. Crop residues
should be deep plowed, and cultivation during wet
periods should be avoided.

GA1235027

Figure 1. Symptoms of

Pest importance bacterial blight. Photo
Bacterial blight is commonly found in cool and wet,  courtesy of Clemson
temperate soybean-growing regions worldwide. University-USDA

The disease is most conspicuous during mid Cooperative Extension
season under moist conditions, but it ceases to Slide Series.
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develop during hot and dry weather. In the U.S., yield losses may range from 4 to
40% (Park and Lim, 1986; Williams and Nyvall, 1980); however, the disease
does not cause significant economic losses if resistant or tolerant cultivars are
used.

Symptoms/Signs

Symptoms of bacterial blight can be found on cotyledons, stems, petioles,
leaves, pods and seeds. Symptoms are particularly conspicuous on leaves as
small angular lesions, usually water-soaked at the center and surrounded by a
yellow-green halo (Fig.1). Later, the spots coalesce to form dark-brown necrotic
areas with yellow margins. Young leaves are the most susceptible and frequently
show distortion, stunting and chlorosis. The spots are usually scattered over the
leaf or grouped, resulting in irregular large necrotic areas. Later, the lesions
become dry and fall out, giving the leaf a ragged appearance (Fig.2), especially
after strong winds and thrashing rains (Sinclair, 1999).

On cotyledons, lesions develop first at the
margins, these lesions enlarge, and turn
dark brown as the tissue collapses.
Seedlings from infected seed are stunted
and die if the growing point is infected. On
stems or petioles, lesions are blackish.
On pods, lesions are initially small and
water soaked, later they enlarge, merge
to cover the whole pod, and turn dark
brown to black with age. Infected seeds
may be covered with a slimy bacterial
growth. Stored seeds may shrivel,

Figure 2. Symptoms of

X . bacterial blight. Note the ragged
develop raised or sunken lesions, become  gppearance. Photo courtesy of

slightly discolored, or appear healthy X. B. Yang.
(Sinclair, 1999).

Known Hosts

The natural main host of P. savastanoi pv. glycinea is Glycine max (soybean). It
can also affect Phaseolus lunatus (lima bean), Phaseolus vulgaris (bush bean),
Phaseolus acutifolius (tepary bean), Vigna unguiculata (cowpea), Vigna angularis
(azuki bean), and Pueraria lobata (kudzu).

Known Distribution

P. savastanoi pv. glycinea has a worldwide distribution and occurs wherever
soybeans are grown. The CABI (2004) list included: Asia: Brunei, China, India,
Indonesia, Japan, Kazakhstan, Korea, Pakistan, and the Philippines. Europe:
Austria, Bulgaria, France, Germany, Hungary, Italy, Moldova, Poland, Romania,
Serbia and Montenegro, Ukraine, and the USSR. Africa: Egypt, South Africa,
Zambia, and Zimbabwe. North America: Canada, Mexico and the U.S. South
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America: Argentina, Brazil, Colombia, and Venezuela. Oceania: Australia and
New Zealand.

Potential Distribution Within the US

Bacterial blight of soybean was originally described in Wisconsin in 1917
(Johnson and Coerper, 1917). Since then, it has been found in Alabama,
Delaware, Florida, Hawaii, lllinois, lowa, Minnesota, Missouri, Nebraska, North
Carolina, North Dakota, Ohio, and Wisconsin. It is most likely present wherever
soybean is grown.

Survey

Survey of bacterial blight in the field might be difficult because symptoms are
very similar to other soybean diseases, and they are affected by the
environmental conditions and plant growth stage. Samples for identification and
isolation, should include both diseased and healthy plant tissue for comparison
purposes. Dead leaves have little value. Samples should not be exposed to
direct sunlight or high temperature; instead, they should be placed in plastic bags
and stored in an ice chest to prevent drying.

Incidence of bacterial blight in fields may be assessed by systematic sampling in
pre-selected patterns (W, X, triple diagonal, diamond). Leaves may be collected
from specified sampling units (e.g., certain number of leaves can be collected
from three 10 x 10 foot sample unit, 50 m apart, and 50 m from field edges).
Prom and Venette (1997), in a survey for races collected 10 infected leaves in
pairs from five plants arbitrarily selected along a W-shaped field sampling
pattern.

Key Diagnostics

Small, angular, translucent, water soaked, yellow to light brown spots on leaves
(Fig. 1). Center of lesions dried out, reddish brown to black, surrounded by a
water-soaked margin, and bordered by a yellowish green halo. Large lesions
drop out or tear giving the leaf a ragged appearance (Fig. 2). Symptoms are most
evident on the leaves at the top of plants starting at V2 growth stage, especially
with rain events and cool temperatures.

To identify P. savastanoi pv. glycinea, infected leaves can be macerated and the
extract streaked onto King’s B (KB) agar. Colonies of the pathogen produce a
characteristic water-soluble, green-fluorescent pigment on KB agar (King et al.,
1954). The bacterium is strictly aerobic and oxidase and arginine dihydrolase
negative. It does not reduce nitrate, and does not accumulate poly-[3-
hydroxybutyrate as a carbon-reserve material. The bacterium does not hydrolyze
gelatin and arbutin. It produces acid but not gas from glucose and sucrose. The
pathovar produces levan and can use the following carbon sources for growth: D-
gluconate, m-inositol, mannitol, quinate, trigonelline, but not anthranilate, betaine,
erythritol, DL-homoserine, DL-lactate, D-sorbitol, D(-)-tartrate, L(+)-tartrate
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(Bradbury, 1986). P. savastanoi pv. glycinea is an efficient ethylene producer
(Hildebrand, et al., 1988; Weingart and Volksch, 1997a).

P. savastanoi pv. glycinea can be distinguished from P. syringae pv. tabaci by
the inability of the former to utilize betaine, sorbitol and erythritol, and is closely
related to P. savastanoi pv. phaseolicola, which causes halo blight of bean. P.
savastanoi pv. phaseolicola has an overlapping host range with pv. glycinea.
However, pv. phaseolicola can not utilize inositol and mannitol, and cannot
produce ethylene (Weingart and Volksch, 1997a). A good tool to distinguish
these pathovars is the PCR method with ERIC, REP and IS50 primers (Weingart
and Volksch, 1997b).

Pathogenecity of isolates can be tested by inoculating fifteen-day-old
greenhouse-grown soybean seedlings (cultivars Oakland, Beeson, Acme and
Flambeau) by rubbing leaves with a sterile cotton swab dipped in an aqueous
suspension (~100,000 c.f.u./ml) of the presumptive pathogen. Inoculated
seedlings and controls are incubated in light for 48 hr at 90% RH in a mist
chamber at 25°C, then transferred to the greenhouse and observed for necrotic
lesions on leaves 4 to 7 days after inoculation (Lelliot and Stead, 1987).

Alvarez et al. (1995) reported that Chauveau developed the technique widely
used for seed certification. Five replicates of 100 g (x1000 seeds) seeds are
soaked for 24 hours at 4 to 5°C in 600 ml of sterile tap water adjusted to pH 6.5
with a phosphate buffer solution. Three-fold serial dilutions are made from the
soaking solution. Then, 0.1-ml aliquots are plated on KB medium amended with
10 pg/ml cephalexin (KBC). After incubation at 25°C for 2 to 3 days, presumptive
colonies of P. savastanoi pv. glycinea, showing a blue fluorescence under UV
light (370 nm), are re-isolated on KBC. Five presumptive colonies of each
subsample are subcultured onto KB medium. These subcultures are then
confirmed as P. savastanoi pv. glycinea by a positive reaction for levan
production and negative reactions in oxidase and esculin hydrolysis tests
(Hildebrand, et al., 1988).

A disease with similar symptoms is wildfire, which produces a distinct yellow halo
with a necrotic center and is caused by Pseudomonas syringae pv. tabaci. The
disease is more commonly found on tobacco.

Differentiation from Asian soybean rust

The disease can also be confused with Asian soybean rust. Bacterial blight
develops angular spots surrounded by yellow halos. Asian soybean rust forms
pustules on the underside of the leaf. Pustules have pores at the top of the cone
and masses of uredionospores.
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Xanthomonas axonopodis pv. glycines

Scientific Name
Xanthomonas axonopodis pv. glycines Nakano

Synonyms:
Xanthomonas campestris pv. glycines

Common Name(s)
Bacterial pustule, soybean bacterial pustule

Type of Pest
Plant pathogenic bacterium

Taxonomic Position
Phylum: Proteobacteria, Class: Gammaproteobacteria, Order:
Xanthomonadales, Family: Xanthomonadaceae

Reason for Inclusion in the Manual

COMMONLY
CONFUSED

Notes on Nomenclature

Following the reclassification of Xanthomonas by Vauterin et al. (1995), X.
campestris pv. glycines (Dye, 1978) was renamed as a pathovar in X.
axonopodis, as X. axonopodis pv. glycines. Thus, X. axonopodis pv. glycines is
now used as the preferred name.

Pest Description

X. axonopodis pv. glycines is an aerobic Gram-negative bacterium with rod
shaped cells (0.5 t0o 0.9 x 1.4 to 2.3 ym), and single polar flagellum (Sinclair,
1999). It develops pale yellow, small, round, and smooth colonies with entire
margins on beef infusion agar. It grows slowly in culture, and colonies become
deep yellow with age. The optimum temperature for growth is 30 to 33°C.
Typically, X. axonopodis pv. glycines produces acid but not gas from sucrose,
liquefies gelatin, and rapidly hydrolysis starch (Sinclair, 1999).

Biology and Ecology

Sources of primary inoculum are bacteria in infected seeds, crop residues, soil
(Graham 1953; Groth and Braun, 1989), and in the rhizosphere of wheat roots
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(Sinclair, 1999). Of these, seed transmission
plays the most important role in disease
development. X. axonopodis pv. glycines can
survive on soybean seed for 2.5 years, on
plant debris on the soil surface for 4 to 8
months, and in buried residues for 1 to 3
months (Feet, 1979). The pathogen can also
survive in weeds such as Brunnichia cirrhosa
in the U.S., Macrotyloma uniflorum in India, or
in volunteer soybean plants. Secondary spread
of the bacterium occurs in wet conditions via
rain splash, agricultural implements, movement
of animals and humans, foliage contact, and
windblown rain. The disease spreads rapidly
under rainy conditions (Graham, 1953; Allington and Feaster, 1946).

Figure 1. Symptoms of
bacterial pustule. Photo
Courtesy of A. Mengistu.

X. axonopodis pv. glycines enters the host plant through stomata or wounds, and
invades the intercellular spaces, where it multiplies. Leaf cells at the infected site
grow longer and multiply faster, in response to an extracellular compound
secreted by the bacteria, which, in conjunction with the mass of bacteria, cause
an epidermal expansion of both leaf surfaces. These raised areas rupture and
become pustules in 5 to 7 days after infection. The disease is particularly
prevalent in wet and warm (30 to 33°C) weather. New infections may develop
anytime during the growing season, if conditions are favorable for the pathogen.

In the seeds, bacterial cells of X. axonopodis are localized in the hourglass layer
of the seed coat, and in the intercellular spaces of palisade cells and
sclerenchymatous cells of vascular bundles of the germinating embryo (Gupta
and Pathak, 2002). Bacterial cells were also found in the parenchymatous cells
just below the meristem.

Control of X. axonopodis pv. glycines include: use of resistant cultivars with Rxp
gene; pathogen-free seeds; seed treatment (fungicides, hot water); deep plowing
of diseased crop residues; and avoiding cultural practices during wet weather
conditions. Other practices are rotation with
non-legume crops and foliar sprays with
copper alone or combined with antibiotics.

Pest Importance

Bacterial pustule is moderately important
economically, due to its worldwide distribution
and seed transmission. It is the most prevalent
bacterial disease of soybeans in Brazil, China, = & . B
India, Korea, Sudan, U.S., and Taiwan. Figure 2. Close up symptoms

-

Bacterial pustule may cause premature of bacterial pustule. Photo
defoliation, resulting in reduction in seed size Courte